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TRANSLATOR'S PREFACE. 



^ The constantly increasing interest which is felt in 

^' the sciences of chemistry and mineralogy in this coun- 

^ try, as well as the rapid development of our mineral 

^ resources, seems to render it expedient that a treatise 

^ on the use of that indispensable instrument, the blow- 

-^ pipe, should be rendered accessible to the chemists, 

mineralogists and miners of this country. The edition 
of the standard work on the blowpipe, so recently pub- 
lished by Berzelius, seems to contain all that could be 
wished for on this subject, and the translator presumes, 
that, if the translation shall prove to have been properly 
executed, he will have rendered an acceptable service 
to science. 






INTRODUCTION. 



The work which I now ofTer to the public treats of 
a subject which is of great importance to the practical 
chemist, the miner, and the mineralogist. It constitutes 
a system of chemical experiments performed in the dry 
way, as it was formerly called, but on so small a scale 
as to be almost microscopic, although the results are 
instantly attained and decisive. In all analytical inves- 
tigations of inorganic substances, 'the use of the blow- 
pipe is indispensable, since by its aid all the tests 
necessary to determine the nature of the substance ope- 
rated on may be performed with so small a quantity of 
the material as to be hardly perceptible to the bal- 
ance, while the presence of elements, which were neither 
expected or sought for, is often detected. The facility 
with which the constituents of minerals may be deter- 
mined by the aid of the blowpipe, renders the use of this 
instrument indispensable to the miner, who often finds his 
operations disturbed by the occurrence of foreign sub- 
stances in his ores, whose nature he rarely has sufficient 
skill or time to investigate thoroughly, but which he 
can readily detect by the use of the blowpipe, since 
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the necessary degree of skill for such operations is so 
easily acquired. The mineralogist cannot dispense 
with the blowpipe ; it is his only resource for deciding 
whether the conclusions which he has drawn from 
external characters, such as form, color, hardness, &c., 
are correct. For this reason, I have described the 
behavior of the greater portion of the known min- 
erals before the blowpipe, selecting, as far as possible, 
for this purpose, pure and well characterized specimens. 
I have also given the locality of the mineral described, 
in every case in which I supposed that a difference in 
localities might give rise to discrepancies in the results, 
in order that such variations might not be confounded 
with errors of observation, which it is almost impos- 
sible to entirely avoid in so long a course of experi- 
ments, all of which it, was impracticable to repeat a 
sufficient number of times to ensure perfect accuracy. 
I have also, in case of rare substances, mentioned the 
name of the person to whose kindness I am indebted 
for the specimen, partly as a surety that the mineral 
was rightly named, and partly as a testimony of my 
gratitude for the liberality with which I have been 
furnished with the rarest specimens for my researches. 
I take this opportunity of expressing my thanks to 
Messrs. Haiiy, Bournon, Gillet de Laumont, Brongniart, 
Brochant, Cordier, Lucas, Weiss, Henry and Gustavus 
Rose, Blode and Breithaupt. 

When a mineral is met with, which is not sufficiently 
well characterized by its external properties, there 
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is, generally, only a very small number of substances 
with which it is liable to be confounded. It will rarely 
fail to be true, that the nature of the newly discovered 
substance can be accurately ascertained by comparing 
it, by means of the blowpipe, with those which it most 
resembles. This is exceedingly easy with metalliferous 
minerals ; but the results obtained with the earthy 
minerals, on the other hand, are often less decisive, 
since the success of operations performed with the blow- 
pipe depends more on the difference in the nature of 
the ingredients of the mineral, than on the different 
proportions in which the same substances may be 
combined with each other. But even in those cases 
where the same substances, by their combination in 
different proportions, form different minerals, there are 
generally remarkable discrepancies either in regard to 
fusibility or behavior with some one of the fluxes, 
so that even here the use of the blowpipe affords de- 
cisive results. It is rarely possible to determine the 
nature of a mineral by the use of the blowpipe alone, 
without any regard to external characters, exactly as 
attempts to decide the same question by external char- 
acters alone, without any regard to appearances depend- 
ent on chemical composition, often mislead. 

Even the mineralogists of the present day, who be- 
lieve that an examination of the physical characters of 
a mineral is sufficient to determine its nature, would in 
many cases be able to obtain accurate results by the 
aid of the blowpipe, if their, in general, deficient know- 
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ledge of chemistry did not prevent them from using it 
with advantage, whereas they now often find themselves 
deceived by the application of their one-sided and short- 
sighted principles. 

An attempt has been made to form a systematic ar- 
rangement of minerals, by classifying them into genera 
and species, according to their behavior before the 
blowpipe, on principles analogous to those followed in 
the natural sciences generally. Aikin's mineralogy is 
an ingenious attempt of this kind, and I must remark, 
as a proof of the sagacity of the author of that work, 
that he has not attempted to confound that system by 
whijch the name of a substance may most easily be 
found out, with a truly systematic, scientific arrange- 
ment. 

I hardly believe that any one will succeed in arrang- 
ing minerals according to their behavior before the 
blowpipe, so that one who was acquainted with the 
use of this instrument, but who knew nothing of min- 
eralogy, would be able to determine the names of min- 
erals given him for examination. 

Finally, I have added a short description of the 
method of determining the nature of the stony concre- 
tions which form in the urinary passages. I have often 
been applied to by physicians for information on this 
subject ; for this reason, I was forced to have recourse 
to the shortest methods, and I feel myself constrained 
to publish the results of my experience, since by their 



INTRODUCTION. IX 

aid the physician may decide for himself, without the 
aid of a practical chemist. * 

Within a few years the attempt has been made to 
extend the use of the blowpipe still farther, and to 
apply it to quantitative determination, for metallurgic 
purposes. The researches of Harkort and Plattner, and 
especially of the latter, are deserving of high commen- 
dation. I have not occupied neryself with this kind of 
quantitative analysis, and for this reason I think it 
better to .refer to Harkort's "Probirkunst mit dem 
Lothrohre," (Freiberg, 1827,) and Plattner's work un- 
der the same title, (Leipzig, 1836,) than to attempt 
in the following work to describe an application of the 
blowpipe, which I have not myself investigated. 

In the fourth edition of this work, I have added the 
behavior of such substances and minerals as I have 
been able to procure specimens of. For the correction 
of errors of the press and of calculation in the formulae, 
which had crept into the third edition of this work, I 
have made use of Dr. Rammelsberg's admirable work 
on chemical mineralogy. I have also made an attempt 
to furnish beginners in mineralogy, who wish to operate 
with the blowpipe, with a means of comparing the 
mineral under examination with those already known 
to them. For this purpose, I have arranged the oxi- 
dized minerals in groups, according to certain decisive 
points of their behavior before the blowpipe. 

Stockholm, July, 1843. 

J. J. BERZELIUS. 
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I. HISTORY OF THE BLOWPIPE. 

In soldering small articles of metal, the workman makes use 
of an instrument called the blowpipe. By it, the flame of an 
oil-lamp is directed upon the piece of metal, which is support- 
ed upon charcoal, so that the fusible alloy which forms the 
solder can be heated till it melts. This instrument had long 
been used in the arts before its application to chemical exam- 
inations in the dry way was thought of. Antony von Swab * 
was the first person, according to Bebgman^s statement, who, 
in 1738, attempted to use it for testing ores and minerals. 

VoN Swab published nothing upon this subject, and it is not 
known to what extent he carried his researches. 

Axel Frederick von Cronstedt, a Swedish Master of 
Mines, the founder of the system of Chemical Mineralogy, and 
a man who by his attainments in this branch of science was so 
far in advance of his cotemporaries, that he was never rightly 
understood by them, made use of the blowpipe to distinguish 
minerals from each other. For this purpose he employed fusi- 
ble reagents, and, by observing the changes produced by them, 
he was enabled to judge correctly of the composition of the 
mineral. On these results Cronstedt based his system of 
chemical Mineralogy. It was therefore important to. him to 
discover some method by which he could detect differences of 
composition, and which should recommend itself to the use of 
scientific men by its simplicity. 

At the time when Cronstedt lived, the improvements 
of science were not spread with such rapidity as at pres- 
ent, when scientific men look with eagerness for every 
new addition to their particular branches. Then every one 
worked by himself, without any knowledge of what others 

* A Swedish CouDsellor of Mines, a man of remarkable knowledge for his 
time, and one to whom Swedish metallurgy is mach indebted. 
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were doing in the same department, profiting only by the labors 
of past generattODS, from which all drew, as from a common 
treasure-chamber. Thus, before any one even suspected the 
application of the blowpipe to mineialt^cal purposes, Cbok- 
STEDT had arrived at a high degree of perfection in its use ; a 
result certainly attained only by severe and untiring labor. 

At that time, too, no such general interest was felt in the 
less important discoveries in science, as that which at the 

E resent day leads to the publication of bo much that ia mora or 
tsa mature. Ckonstedt, who at first did not dare to allow 
himself to be known as the inventor of a system which has 
immortalized his name, was still less likely to publish a con- 
nected description of his method of using the blowpipe. He 
imparted his results only bo far as they served him for distin- 
guishing the minerals described in his System.* 

VoK Ehoestsok, who published in England, in 1765, .a 
translation of Cronstedt's System, added a chapter on the 
blowpipe, which contained, particularly, a description of Ckon- 
Stedt's method of using Uiis instrument, and the principal 
results of its application to the various mineral substances 
known at that time. This traatiset was published in 1770, and 
was translated into Swedish by Ketzifs, in 1773. The woric 
excited a general interest in this admirable instrument, and was 
immediately published in most of the European languages 
For a long time, however, no advance was made beyond the 
results attained by Von Engestrom, and the use of the blow- 
pipe by chemists and mineralogists went no farther than the 
mere determination of the fusibility of substances, or occasion- 
ally testing their solubility in the boras glass. The reason of 
this can be easily seen. To use the blowpipe with facility and 
without fatigue, or injury to the health, a certain tact is re- 
quired, which can only be acquired by a course of patient 
, practice, which is not readily submitted to by one who is not 
certain beforehand that his labor will be substantially rewarded. 
Moreover, after acquiring this facility, in order to draw a cor- 
rect result from the observations made with this instrument, a 
large stock of observations and much experience in comparing 
them is required. Before attaining the required degree of ex- 
perience, the use of the blowpipe gives only uncertain results, 
of whose real value nothing can be known. 
Farther, the requisite degree of perfection cannot be ac- 

L edition of his work was joblished in 17E8. 

,; towardB a system of Mineralogy, by Cionstedt, trnnslaled from 

by Von fiigesudm ; reTised aaS conecled by Mend«s da Cosla. 
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quired by mere reading. On commencing, instruction from 
one already experienced is required, in order that the learner 
may not be discouraged by little difficulties which may often be 
easily overcome ; still, mere instruction will not always suffice, 
and the pupil must, himself, often repeat his attempts before he 
succeeds. For these reasons the use of the blowpipe was at 
first confined to Sweden. Those who had seen it used by 
Ceonstedt and Engestrom used it as they did, and thus it 
became gradually known. Bergman extended the use of it 
still farther ; he applied it to the whole range of inorganic 
chemistry, and, in his hand, it became an indispensable requi- 
site for detecting, in analytical investigations, minute quantities 
of mineral substances. Bergman examined, with the help of 
the reagents described by Cronstedt, the greater part of the 
minemk known at his time, described their behavio^and im- 
proved many of the instruments necessary for these researches. 
He published a treatise on this subject, which was first printed 
in Latin, at Vienna, in 1779,* and which was translated into 
Swedish, in 1781, by HjELM.t 

Bergman's health, however, did not allow him to apply him- 
self unremittingly to these researches. He was aided in them 
by John Gottlieb Gahn, who used the blowpipe industriously 
in the course of his mineralogical studies, since it gave him 
results equally rapid and convincing. In the course of the 
operations which, he carried on under Bergman's eye, he 
learned the behavior before the blowpipe of all mineral sub- 
stances at that time known, and armed with this experience, he 
continued from that time to make use of the blowpipe in 
chemical and mineralogical investigations of all kinds. He 
acquired, in process of time, such skill in the use of this in- 
strument, that he was enabled to detect, by its assistance, sub- 
stances which had escaped notice in researches most carefully 
conducted in the humid way. For instance, when Ekeberg 
asked Gahn's opinion on the oxide of tantalium lately discov- 
ered by him, of which he sent him a small specimen, the latter 
detected tin in it by the blowpipe, although this metal formed 
only one per cent, of the mass. Long before it was a ques- 
tion whether the ashes of plants contained copper, I saw him 
obtain with the blowpipe distinct particles of metallic copper 

* T. Bergman, comment, de tnbo ferruminatorio ejosdemqne usu in explo- 
randis corporibus, prtssertim mineralibus. Yindobonse, 1779. 
t Chemise Professoren och Riddaren af kongl. Wasa orden Herr Torbern 

Bergmans afhandling om blasroret, samt dess bruck och nytta vid kroppars 

nndersokning, i synnerhet de'mineraliske. Ofversatt ifran Latinska spraket, 
med Herr Fdrfattarens tillaggningar, Stockholm, 1781. 

1* 
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from diffeTent sorts of paper, after burning a quarter of a 
sheet to ashes. 

Gahn always carried his blowpipe with him, even on his 
shortest journeys. Every new or unknown substance was in- 
stantly tested by the blowpipe, and it was really interesting to 
see with what wonderful celerity and certainty he often deter- 
mined the nature of a substance, which could never have been 
recognized by its external characters. The constant use which 
he made of this instrument led him to make many improve- 
ments in the use of it, and to contrive a method by which it 
could be always at hand, either at home or on a journey ; he 
tried a great number of reagents, in order to discover new 
methods of detecting various substances, all of which he carried 
out with such sagacity and accuracy, that his results were wor- 
thy of implicit confidence. It never occurred to him, how- 
ever, to describe his newly discovered or improved methods of 
experimentation, although he took all possible pains to teach 
them to such as wished t6 learn of him. Many scientific for- 
eigners, who spent some time with him, made known his re- 
markable skill, although no one has ever published a correct 
account of his methods.* 

I had the pleasure of an intimate acquaintance with this, in 
so many respects, so remarkable man, during the last ten years 
of his life* He spared no pains to impart to me all his expe- 
rience ; and I consider it, for this reason, a sacred duty to allow 
no part of his labors or experience to be lost 

At my repeated request, he wrote down the most important 
part of what I have published in the second part of the 
Elements of Chemistry, on the blowpipe and its use in chem- 
istry ;t and this is all which he wrote upon this subject. He 
never drew up an account of his examinations of minerals, and, 
as his memory became weakened by age, he often expressed 
a wish that the behavior of minerals before the blowpipe might 
be examined and published. I therefore undertook, at his in- 
stigation, a series of experiments, the results of which he 
intended to control and examine, blowpipe in hand, in or- 
der that, when our conclusions differed, the cause of disa- 
greement might be investigated, and the incorrect result struck 
out. This examination, which would have been so interesting 
to science, was put a stop to by his unexpected, and, despite his 
advanced age, too early death. 

* Professor Hausmann is the only person who has given a detailed account 
of Gahn's researches with the blowpipe, in an article in Leonhard's Taschen- 
bach fur die Mineralogie, for 1810. 

t Larbok i KemieUj andra Delen, Stockholm, 1812, p. 273. 
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In the other parts of Europe ooly one^ but he a most dis* 
tinguished, naturalist has investigated in detail the use of the 
blowpipe. This was H. B. de Saussube, distinguished by his 
geological researches in the Swiss Alps. De Sattssuse used it 
principally for the same purpose as Ckowstedt, namely, the 
determination of minerals ; and although he introduced many 
improvements in the use of this instrument, he remained far 
behind Gahn in the results which he attained. 

Since the first edition of this work was published, the use of 
the blowpipe has become far more general, and many more or 
less important additions have been made to the art, especially 
by Le Baillif, Smithson, Tubneb, Habkobt, Y019 Kobell, 
Plattneb, and others. 



n. DESCRIPTION OF THE BLOWPIPE. 

The blowpipe used by workers in metal is a brass tube, ta- 
pering towards cMie extrertiity, about two inches from which it is 
bent at a right angle : PL I. Fig. 1. The aperture at this end is 
about the size of that made by a needle, and it is held, when the 
blowpipe is used, against the flame of a lamp, and blown through 
from the larger end. In operating with this, the workman sel- 
dom has occasion to blow for more than a minute, so that he is 
not incommoded by the moisture of the breath which collects 
in the tube ; in chemical experimentation, however, in which it 
is necessary to continue blowing for a much longer time, so 
much water collects in the tube as to cause inconvenience. To 
provide against this, Cbonstedt inserted, near the smaller end 
of the tube, a hollow ball, intended as a receptacle for the 
moisture. His blowpipe had the form represented in PL I. Fig. 
2. The straight part could be unscrewed from the ball at a ; 
at h was fixed a bone ring, which was pierced with a small 
hole intended to receive a needle or a piece of fine iron wire, 
with which the aperture of the blowpipe was to be cleaned, in 
case it should become stopped with soot during the operation. 
This blowpipe has, however, one inconvenience, namely, that 
if, afler having been used for some time, it be held in an up- 
right position, the water runs down into the tube, from which 
it must be removed, with much trouble, before the operation 
can be continued. 

To obviate this difficulty, Bebgman adapted to the end of 
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the tube a semi-circular chamber, about one inch in diameter, 
and one-eighth of an inch in thickness ; into the upper end of 
this chamber the point of the blowpipe was inserted, as shown 
in PL I. Fig. 3. This instrument consists of three pieces, a, J, 
and c, which can be easily put together. This form answers 
the purpose excellently, and has also the advantage, that it takes 
up less room than the other, and can be conveniently placed in 
such a thin flat box as was used at that time for containing the 
blowpipe apparatus, so that it might be easily and conveniently 
transported. 

Gahn changed the form of the chamber intended for col- 
lecting the water, by giving it the form of a cyliuder one inch 
in length and one half an inch in diameter, as in PL L Fig. 4, h. 
His blowpipe consists of four pieces. Fig. 4, a, 5, c, and d. At 
the end of the small tube, c, a small jet, d^ is attached, of 
which a number must be provided, pierced with apertures of 
different degrees of fineness, to be changed as occasion may 
require. The advantage which Gahn's blowpipe has over that 
of Bergman, is, that its cylinder takes up still less room than 
the flat chamber, and that the small tube can be more firmly 
inserted into it, and ground in more deeply as it becomes worn 
and loosened by use. In this way, it is not possible that the 
small tube should slip and fall out, as sometimes happens with 
the form proposed by Bergman. I think that the form of blow- 
pipe adopted by Gahn may, without hesitation, be called the 
best and most convenient. An alteration in the arrangement 
of Gahn's blowpipe, which renders it particularly portable, has 
been proposed by Mitscherlich. It is this ; the chamber for 
collecting the water is of smaller diameter and permanently 
fastened to the longer tube ; this can be screwed apart in the 
centre, and the small tube with its platina jet can be slid into 
the part to which the chamber is attached ; the other half, of 
which the mouth-piece is plated with silver, when the instru- 
ment is made of brass, is then slid over the whole and serves 
as a case. The tube is then only half as long as a common 
blowpipe, and is nothing more than a smooth cylinder, which 
may be conveniently carried in the pocket. PL I. Fig. 9, B 
A C, is the upper half, of which the mouth-piece B is plated 
with silver ; the other end, C, is provided with a female screw, 
which fits the thread cut on the other half, D E F. D is the 
reservoir, and E F the small tube, which is provided with a 
platina jet, and which, when slid into its place, as here repre- 
sented, is held fast by slight friction. G H is the whole tube 
slid together, so that the mouth-piece, j5, of the part B A C^ 
fits snugly against the cylindrical chamber, Vhere it is kept by 
friction. 
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Plattnbr recommends, in the place of the usual mouth- 
piece, such a one as is adapted to the ^umpet, intended to he 
pressed against the mouth, and not to he held hetween the 
lips. He gives, as a reason for this arrangement, that the 
.muscles of the cheeks are less likely to he fatigued hy this 
method of blowing. This fatigue, however, is only occasioned 
by want of practice, and soon ceases to be troublesome when 
the operator has become more accustomed to blowing. When 
the blowpipe is to be used for blowing glass, I make use of a 
tube, /, bent at a right-angle, which is inserted into the open- 
ing at 6, and which can be inclined at any angle, as conven- 
ience may require. PI. I. Fig. 5 shows Gahn's blowpipe put 
together. 

VoiGT has proposed another form of blowpipe which is often 
used, and which is very convenient. It has at the extremity a 
circular chamber one inch in diameter, and one-eighth of an 
inch in thickness, from the centre of which a smaller tube pro- 
jects, which may be turned in any direction. Fig. 6 shows 
this blowpipe. The inconveniences which arise from this form 
of construction are, that the diameter of the chamber makes it 
less portable, and that the movable piece gets loose after long 
use, allows air to escape, and no longer maintains its place. 
This might be easily remedied by a tube bent at a right angle, 
and ground into the centre of the chamber ; but in any case 
this form of the chamber is inconvenient. 

Since, in using the blowpipe, apertures of different sizes are 
often required, Varley proposed to have two points on oppo- 
site sides, so that either might be directed upon the flame, as 
occasion required* The convenience of this arrangement does 
not, however, compensate for the trouble occasioned by the 
loss of air through the aperture not in use. Besides, chang- 
ing the platina jet is quickly performed, and is seldom neces- 
sary. 

Since it is highly desirable to the Mineralogist that the blow- 
pipe, without losing any of its essential properties, should be 
portable, and occupy as little space as possible, several chem- 
ists have endeavored to make it, in this respect, as perfect an 
instrument as possible. The forms adopted by Tennant and 
WoLLASTON are especially worthy of notice. 

Tennant's blowpipe is a straight, cylindrical or slightly 
conical tube, PL I. Fig. 7, a ft, which is closed at one end, and 
which has, at a distance of about half an inch from this end, 
an opening, into which a smaller tube, bent at an angle, is fit- 
ted by grinding, so. that it can be turned in any direction. 
When the blowpipe is to be used, the small tube is turned at 
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a right angle with the larger one, or at an oblique angle if in- 
tended to be used for blowing glass ; and when it is to be laid 
aside, the smaller tube can be turned till parallel with the other, 
as shown in the figure. This instrument unites to a high de- 
gree of simplicity all the advantages which can be desired. 
The water which condenses from the breath flows down to the 
closed end, and does not enter the smaller tube. On compar- 
ing Gahn's with Tennant's blowpipe, I have sometimes thought 
that the muscles of the cheeks are sooner tired by the use of 
the latter form, since it offers a greater resistance to the cur- 
rent of air than the blowpipe with a chamber, or reservoir for 
the air. I should compare it with the diflerent degree of resis- 
tance which a strong or a weak spring offers to a blow. This 
circumstance is not unimportant, especially in mineralogical 
experimentation, in which the operator may be obliged to use 
the blowpipe for many hours in succession. 

Wollaston's blowpipe takes up still less room than that of 
Tennant. It consists of three separate pieces, PI. I. Fig. 8, 
a, bj and c, which slide into each otiier in such a manner, that 
the whole has the diameter, but only half the length, of the 
common blowpipe. The smaller end of the piece a is fitted 
into the larger end of the piece ft, which is closed at the other 
end, not far from which extrennty a hole is pierced. The 
piece c is closed at its largest end, and ends at the other in a 
point provided with a small aperture. The piece c is pierced 
through and through near the larger end, so that the smaller 
end of b can be passed directly through it, not however at 
right angles with it, but so that the longer and smaller end of 
c makes with b an obtuse angle. The object of this arrange- 
ment seems to be this, that when the hole at c becomes enlarg- 
ed by use, so that the small opening at b will no longer fit so 
as to conduct the moisture towards the closed end of the tube, 
where it can be best condensed, it will, however, still fit, when 
the aperture in ft is turned towards the open point of c. This 
blowpipe being properly constructed, when ft is slid into a, the 
closed end of ft fills exactly the corresponding extremity of a ; 
and when c is put in its place, the aperture of ft is closed, so 
that the whole is protected from dust, and can be carried in 
the pocket, like a common pencil-case. It has the form and 
size represented in PI. I. Fig. 8. This is not a suitable blow- 
pipe to use when the properties of substances are to be fully 
and carefully examined, because the joints cannot easily be 
made air-tight, because it has no chamber, and because the 
two parts form an obtuse angle, so that the flame can only be 
directed upon the assay when in such a position that it cannot 
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be properly seen. It is, however, in many circumstances, 
where portability is a capital object, more convenient than any 
other. It can be carried in the pocket without inconvenience, 
and, with the addition of a strip of platina foil and a bit of 
borax, much can be accomplished, since a lamp and charcoal 
can be had anywhere. I have oflen employed die Wollaston 
blowpipe, especially in pharmaceutical examinations, or when 
inspecting cabinets of minerals ; and I have succeeded by its 
aid, in many cases, in detecting errors, and assigning to incor- 
rectly named specimens their proper places. 

Whatever may be the size of ihe blowpipe, its length must 
depend on the eye of its owner, and must be such, that the 
substance on which the flame is to be directed may be held at 
such a distance as to be best seen. For this reason^ a near- 
sighted person will require a shorter, a far-sighted person a 
longer, tube. The blowpipe which best suits my eye is 8^ 
inches long, and 7f inches from the aperture of the mouth- 
piece to the place where the point is fitted to the air-chamber. 

The blowpipe must either be made of chemically pure sil- 
ver, or of tinned iron with a brass point. If the whole tube 
be made of brass, it contracts, after being used for some time, 
an unpleasant smell and taste of copper. This has been at- 
tempted to be remedied by a mouth-piece of ivory or silver ; 
but this only does away with the unpleasant taste, not the 
smell, and when the fingers are sweaty, itiey contract a coppery 
smell if the tube has lain for sometime unused, afler having 
been put away without being cleaned. This is not the case if 
the tube be made of tinned iron, and for those who think silver 
too dear, it has the advantage of being still cheaper than brass. 
The tube and the cylindrical chamber are, in this case, made 
in one piece, and a bit of paper can be wrapped around the 
brass point to render the junction more perfect. 

Although silver is a better conductor of heat than any other 
metal, I have never found that the tube became so heated by 
long continued blowing, a^ to be uncomfortable to hold. The 
small jets which are placed on the end of the blowpipe are a 
decided improvement. They become coated with soot, which 
stops the aperture or gives it sui irregular shape ; it must then 
be cleaned, and the aperture opened by a needle, which is not 
always at hand. This is a troublesome but unavoidable opera- 
tion, since otherwise the jets dirty everything with which they 
Gome in contact. I have, on this account, had my jets made 
of platina, bored from a solid piece. When these become 
dirty, they can be heated by the blowpipe on the charcoal, 
which operation cleans them at once, and frees the aperture 
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£R>m obfitruction. If the jet were made of silver, it woald not. 
&t&ad this treatment, since, when heated nearly to the melting 
point, the silver crystallizes as it cools, and becomes brittle. 
To produce a good flame, these jets must not be too thin at the 
end in which the aperture is pierced, since the smallest parti* 
cle which settles in the orifice destroys the regularity of the 
fliame, and because the aperture, by being frequently cleaned 
out, becomes enlarged. They are best made by boring them 
out for three-fourths of their length, and piercing the aperture 
through the remaining portion. 

A glsuss blowpipe is certainly ciean and cheap, but its brittle- 
ness, and the liability of the point to be melted, are such seri- 
ous objections, that it should only be used in cases of necessity. 

The attempt has often been made to construct some kind of 
blowpipe apparatus, which should supersede the mouth-blow- 
pipe. De Saitssure arranged a kind of blowpipe-vice, which 
was fastened to the table, and which was intended to hold the 
blowpipe, so that it could be managed by the mouth, and the 
hands left free. I know of no case where such an arrange- 
ment would be of advantage ; besides, the form of the flame 
which is required in blowing depends on such slight changes in 
the position of the blowpipe, that it would be impossible to ef» 
feet them by the movement of the mouth alone. 

Haas fastened the blowpipe by means of a screw, such as 
is used by ladies to pin their work to, and which is screwed to- 
tiie edge of a table. Before it is placed a wax candle, which 
can be raised or lowered at pleasure ; and not far from it the 
charcoal, on which the substance is to be heated, is supported 
by spring forceps. This apparatus is also provided with a pair 
of mechanical snuffers, by means of which the wick is to be 
trimmed into the proper shape. The operator has both hands 
at liberty, with which, however, he can do nothing. I do not 
know that this apparatus has ever been made use of. 

The operation of blowing has been represented as a difficult 
matter, requiring strong lungs, and tending to injure the health. 
Partly on this account, and partiy because without previous 
practice it is impossible to sustain an uninterrupted blast, me- 
thods have been contrived to obviate the necessity of using the 
mouth to produce a blast. Ehrmann, Kohler, Mettsnier, 
AcHARD, Marcet, Brooe, and Newman, have invented methods 
of producing a high temperature, by an artificial blast, either 
with atmospheric air or oxygen. These contrivances are not 
suited to the purpose of the blowpipe, and I shall therefore 
pass them by. 

Hassenfratz employed a bellows worked by the foot, in 
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the manner of the glass-blowers. I saw in England a double 
bellows, which was placed upon the table and worked with the 
foot by means of a strap. The blowpipe-jet was fastened to the 
immovable part of the bellows. 

Nazen proposed to fill a bladder with air, and conduct the 
blast from it up<m the lamp by a flexible tube, terminating in a 
blowpipe-jet. The bladder is to be filled again by a tube con* 
nected with the mouth, and furnished with a stop-cock. Here, 
nothing more is accomplished by an embarrassing motion of the 
body, Sian would otherwise be easily effected by a slight exer- 
tion of the muscles of the cheeks. 

For cupelling silver with the blowpipe, Harkort proposed 
the use of a large bell of tinned iron, which fits into a reser- 
voir filled with water, in which it is made to fflnk by being 
loaded with weights. To the upper end of the bell is attached 
a flexible tube terminating in a blowpipe-jet ; the flexibility and 
length of the tube prevent the operator from being inccmimoded 
by the sinking of the bell. 

Plattner partially improved this arrangement by attaching 
the tube to the water-reservoir by means of an inverted syphon, 
so that the air issues from the bell exactly as the gas is deliv- 
ered from the gasometer of the gas-works. When the cylinder 
18 emptied of its air, a valve is opened at the top, and the cylinder 
rises and fills itself again. The whole resembles the appara- 
tus proposed by Gahn, for saturating water with carbonic acid 
gas. Something similar to this has been proposed by Green. 

Several other similar contrivances have been proposed by 
^y^rent persons ; but I pass them by, since all these attempts 
prove that the inventors had no correct idea of the use of die 
blowpipe, and it may with prc^riety be said, that Ihey might as 
well have proposed to play upon a wind instrument with a pair 
of bellows. 



in. THE COMBUSTIBLE. 

Any kind of flame can be used with the blowpipe, provided 
it be not too small, whether it be that of a tallow or wax can- 
dle, or of a lamp. Engestrom and Bebgmam made use of a 
common tallow candle, or, preferably, of a wax candle with a 
good cotton wick, which, according to Bergman^s direction, 
should be bent in the direction in which the flame is to be im- 
pelled. Candles have, however, this disadvantage, that the 
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heat radiated from die substance under examinatiiMi, melts tbe 
tallow or wax from the side of the candle, and causes it to coa« 
sume too rapidly. The flame of a common candle is, besides, 
hardly sufficient for the purpose. This induced Gahn to use, 
instead of one candle, three smaller Mies, provided with thick 
wicks, which he placed in a candlestick arranged for the pur* 
pose, and burnt together. They gave an excellent flame, but 
he soon tired of the necessi^ c^ having a peculiar kind of 
candle made e^^ially lor his use with the blowpipe. He 
therefore replaced them by a lamp with a large wick, fed with 
olive oil ; but as he could not use this lamp when travelling, he 
always took with him wax ti4>er, combining three or four 
pieces of it to suit his convenience. 

Lamps have certainly great advantages over candles, but 
Uiey are not so easily carried about when travelling, on w> 
count of the danger of leaking. Olive oil is best used, 
but sperm oil can be employed, although it gives more smoke 
and less heat than the other. 

I make use of a lamp which can be easily tran^rted, and 
so efiectually closed that the oil cannot escape. Since this is 
the form which I have found the best of the many whicK 
I have tried, for giving a suitable flame for the blowpipe, 
and since it is more portable than any other, I give a deteiled 
description of it. 

PI. n. Fig. 9 is a front view of this lamp. It is made of 
lackered tin, slightly conical in shape, and about 4^ inches 
long. At the larger end it is 1 inch in diameter, and is fur- 
nished with a ring, by means of which it can be . slid up or 
down upon a brass rod. This ring is seen in a side view in 
PI. n. Fig. 10. At the smaller end, 5, it measures three-fourths 
of an inch, and has on the upper side, near the end, a round 
aperture, three-fourths of an inch in diameter, to which is sol- 
dered a projecting rim of brass, one-fourth of an inch in height, 
on the inside of which a screw thread is cut It can be seen 
in Fig. 11. Through this opening the lamp is fed with oil, and 
the wick placed in its holder, which is a long flattened cylin- 
der of tin fitted into a small disk which just fills the opening. 
The wick-holder is seen in Fig. 12, a and b. The brass ring 
is a little broader than the aperture, so that the wick-holder 
rests loosely upon its inner projecting edge. When the lamp 
is not in use, this opening is closed by a brass cap, which 
screws into the ring, and is furnished with a leather collar, 
soaked in melted wax, which presses against the upper edge of 
the brass ring and closes the aperture, so that no oil can escape. 
The leather collar must be soaked in melted wax, and the 
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screw thread should be cut on the inside of the ring and not on 
the outside, since in the latter case the collar remains on the 
lamp, and is liable to be destroyed by the heat 

When the lamp is to be used, it is placed on a brass stand, 
made of a piece of thick and stiff wire. Fig. 13 shows the 
lamp upon its stand. The upright rod is 12 inches long, but it 
can be screwed apart in the centre. It is ftusitened, at die hot* 
torn, to two cross-pieces, each 6^ inches long and three-fourdis 
of an inch broad ; they are seen in Fig. 13, c{ e, in a side 
view, and in Fig. 14, from above. To prevent the lamp from 
slipping upon the rod, it is fitted to it by means of a cork, or a 
spiral spring c€ui be wound round the brass rod. This latter ia 
bettier dian a screw or spring in the ring, as the latter is soon 
worn out, while the former does not permit the lamp to move 
upon its axis. Haskort proposed to make another opening in 
the upper surface of the lamp to pour in the oil. He also cuts 
off the front of the lamp at an oblique angle, as shown by the 
dotted lines in Fig. 13, in order that the assay may be brought 
nearer to the flame, if necessary. The wick must, of course, 
be placed parallel with the lamp, and the flame must be im- 
pelled in the same direction. 

If the lamp is no longer required for use, it can be taken 
apart, and packed so as to occupy little room, and be very 
portable. 

A spirit lamp is often required for heating a substance in the 
tube or matrass, in order to detect volatile matters ; for if in 
this case an oil lamp be used, the glass is smoked, and the 
requisite degree of heat cannot be obtained. The spirit lamp, 
however, does not by any means give as intense a heat as the 
blowpipe flame. I use for a spirit lamp, a kind of glass bottle, 
common in England, which is provided with a glass cap, which 
fits over the cork. I take out the cork, and fit in a wick- 
holder of tin or silver. The cap prevents the evaporation of the 
alcohol when the lamp is not in use. Fig. 15 represents this 
lamp of the natural size. 



IV. THE BLAST AND FLAME. 

In using the blowpipe, the act of blowing is not directly per* 
formed by the action of the lungs, since, in this case, the ef- 
fort would be injurious, and a continued blast could not be 
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kept up. It is efl^ted by the muscles of the cheeks, which 
f<»ce die air contained in the cavity of the mouth through the 
blowpipe. Simple as this operation is, it is not easily perform- 
ed at first, since we habitually exert all the muscles concerned 
in respiration at once, when we attempt to blow. It is the 
same kind of difficulty which we experience when we attempt 
to move the limbs, on the same side of the body, in different 
directions. It requires some practice not to allow the lungs 
and the muscles of the mouth to act in concert The first 
thing to be attempted is, to keep the mouth filled with air dur« 
ing expiration and inspiration. Imagine the air to escape from 
a small opening between the lips, the cheeks then naturally 
collapse, unless a farther supply of air be admitted at the next 
expiration. A sufficient quantity of air must then be admitted 
^into the cavity of the mouth to keep the cheeks constantly dis- 
tended. The air, being thus always slightly compressed, es- 
capes in a uniform current from the opening between the lips. 
This is what takes place in using the blowpipe ; the air escapes 
so slowly from the fiine aperture in the blowpipe-jet, that it is 
not necessary to fill the mouth at each expiration. This ope- 
ration, which is attended with a little difficulty at first, is soon 
learnt by practice, and, after a short time, it becomes a matter 
of course, which does not interrupt the process of breathing, 
and on which it is not necessary to bestow a thought Th^ 
only inconvenience is, that the muscles of the cheeks become 
fatigued at first, which arises from want of practice, and from 
the fact that the beginner generally presses Uie mouth-piece of 
the blowpipe more strongly between his lips than is necessary. 
* The act of blowing is, however, so simple, that it may be easily 
acquired by any one who has no natural defect in the roof 
of the mouth. 

When the learner can keep up a steady blast, the next thing 
is, to be able to produce a good flame. For this, purpose, a 
knowledge of the flame and its diflerent parts is required. On 
looking attentively at the flame of a candle, it will be seen that 
it consists of several distinct portions. PL 11. Fig. 16, repre- 
sents the flame of a candle, in its usual form. At its base is 
seen a small dark-blue portion, a c, which becomes thinner as 
it gets farther from the wick, and which disappears entirely at 
the part where the flame begins to ascend vertically. In the 
midst of the flame is the dark portion, / (2, which can be seen 
through the more brilliant part. This space encloses the gases 
rising from the wick, which are not in contact with the air, 
and whksh are therefore not yet fully burned. Around this is 
the proper illuminating portion of the flame, and on its outer 
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edges will be seen, on looking with attention, a thin envelope, 
a e c, which becomes broader near the point of the fiame. 
This is the place in which the combustion of the burning gases 
is going on, and is the hottest portion of the flame. If a fine 
iron or platina wire be introduced into the flame, it will be seen 
that it is most intensely heated at the point of the flame, and if 
it be gradually lowered, it will be found that it is most vividly 
ignited at the points where it comes in contact with the surface 
of the flame, that is to say, where it touches this thin, feebly* 
illuminating envelope. If a very fine wire be used, its diame* 
ter appears much magnified, and this apparent enlargement 
(which is a phenomenon of the same kind as the apparent di- 
ameter attributed to the fixed stars) increases, as the wire ap* 
proaches the point where the lower blue edge of the flame 
ends, so that the point where the flame is supplied with the 
largest quantity of oxygen from the air, is the place of the 
maximum of heat. Now, when air is forced into the flame 
with the blowpipe, as shown in PL II. Fig. 17, a long narrow 
blue flame, a c, appears directly before the jet, which is the 
same as a c in Fig. 16, although changed in form, being now 
concentrated into a small, cylindrical space, whereas it before 
formed an envelope around the whole flame. Just before the 
point of this blue flame is the hottest spot, as in the flame when 
not acted on by the blowpipe, with this difference, that in the 
latter case it formed a ring around the flame, while in the former 
it is concentrated into a focus ; it is thus rendered sufficiently 
intense to fuse and volatilize substances which were not sensibly 
acted on by the flame in its usual state. On this is founded the 
whole theory of the intense heat produced by the blowpipe ; the 
efiect, which would otherwise be distributed over the whole 
surface of the flame, is concentrated into a small space, exactly 
as if the flame had been turned inside out. The surround- 
ing illuminating portion of the flame prevents the heat from 
escaping. 

ling practice is required to know where the maximum of 
heat is, since different substances are differently ignited, and 
the light which they emit is often deceptive. Care must be 
taken not to blow too strongly nor too gently ; since, in the for- 
mer case, the heat is diminished in intensity by the current of 
air, and in the latter, a sufficiency of air is not supplied to keep 
up the combustion. A very intense heat is required when the 
fusibility of a substance is to be investigated, or when different 
metallic oxides which part with their oxygen with difficulty, 
like the oxides of tin or iron, are to be reduced. But it is not 
a high temperature only which it b the design of the blowpipe 
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to produce ; there are other operations which require a less in- 
tense heat, and which, though diametrically opposed to each 
other, can be effected by the blowpipe. These are, oxidation 
and reduction. 

Oxidation takes place when the assay is heated just before 
the extreme point of the flame, when all the combustible par- 
ticles are immediately oxidized. The farther from the point 
of the flame, the better the operation goes on, provided the 
heat be sufficientiy intense ; and it must be observed, that too 
high a temperature often impedes the oxidation, especially if 
the assay be supported upon charcoal. . Oxidation goes on best 
at a low red heat For this purpose, the blowpipe-jet must 
have a large aperture. 

Reduction succeeds best with a fine jet, which should not be 
inserted too far into the flame, since, in this case, a highly illu- 
minating flame is produced, the elements of which, not imder- 
going complete combustion, do not take oxygen from the assay, 
which may be considered as being heated in an inflammable 
gas. If in the course of tiie operation the assay become coat- 
ed with soot, it is a proof that the flame is too smoky, which 
diminishes the intensity of the heat. The blue flame was for- 
merly regarded as the proper reducing flame ; this is, however, 
untrue, for it is the brilliant portion of the flame which causes 
deoxidation, but the assay must be held in it in such a manner 
as to be surrounded by it on all sides, and protected from the 
contact of the air. I mention once more, that it is the com- 
bustible atmosphere which surrounds the assay, which effects 
reduction, and not the charcoal ; the reduction which takes 
place at the points of contact of the assay and the charcoal, 
would take place equally as well in the outer as in the inner 
flame. 

The most important matter is to be able to produce at will 
oxidation or reduction, which is soon learnt by practice. Oxi- 
dation is so easily performed, that it is only necessary to be 
told how to do it; reduction requires more practice, and a 
better knowledge of the management of tiie flame. It is an 
excellent plan, if one wishes to pr&ctice in making a good 
reducing flame, to fuse a small grain of tin upon charcoal, and 
raising it to a white heat, to endeavor to keep its surface brilliant. 
Tin has so strong an attraction for oxygen, that the moment the 
flame is changed in the least, the meted becomes covered with 
an infusible crust of the oxide of tin. One can begin with a very 
small grain, and gradually increase its size; the larger tiie 
quantity of tin which he can keep melted in the metallic state, 
the more skilful is he in his art. 
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V. THE SUPPORT. 

Charcoal. The substance to be examined by the blowpipe 
must rest upon something, or be held firmly in some way. 
The best substance for a support is charcoal. That of mature 
pine, or soft wood in general, is preferable. The charcoal of 
the fir often snaps and thfows off the assay, while that of hard 
and compact woods gives so large a quantity of ashes, which 
often contain a large proportion of iron, that it can only be 
used in case of necessity. For this reason the beech and oak 
are unfit for this purpose. I have never had an opportunity of 
trjring box-wood charcoal, though Gahn always thought that it 
would be best adapted for blowpipe use; he had, however, 
seldom an opportunity of using any other than pine-wood coal. 
Of the many kinds of charcoal which I have tried in countries 
where the above mentioned woods are not found, I find that of 
the white willow, or of the willow family in general, the best. I 
prefer, however, the charcoal of a mature pine, which should 
be split into long straight pieces, and then sawn into parallelo- 
pipeds, which, when the dust is blown off, are quite clean. 
The surface perpendicular to the annual rings is to be chosen 
for the support of the assay, since, if placed on a section paral- 
lel to them, the fiuxes would spread too much upon the surface. 
As the interval between the rings consumes faster than the ring 
itself, an advantage is gained, that the assay has fewer points 
of support. 

That all charcoal which is used with the blowpipe ought to 
be well burnt, is a matter of course, for those pieces which 
snap, smoke, or bum, cannot be used at all. 

Gahn conjectured that the charcoal which sometimes de- 
scends in our blast-furnaces, without being consumed, would 
have lost part of its combustibility, and would, on that account, 
be excellent for blowpipe uses. I therefore once collected speci-* 
mens of this kind of charcoal from various furnaces, and 
found them far heavier and closer grained than common char- 
coal, and, of course, less combustible ; but I was surprised to 
find that I could not obtain so high a heat on this charcoal, as 
on the common kind. I ascribed this, at first, to the heat radia- 
ted from the particles of coal set on fire around the assay, 
when the common combustible kind of charcoal was used, 
which I supposed might have a decided influence in raising the 
temperature ; but I soon discovered my mistake, when I found 
that the charcoal became so strongly heated at a considerable 
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distance from the spot upon which the flame was directed, that 
I could no longer hold it This kind of charcoal is a better 
conductor of heat in proportion as it is denser, and it is proba- 
ble that this is the reason why it bums so slowly. It is, there- 
fore, unfit for use with the blowpipe. 

Platina. In certain ca^s, in which the reducing action of 
charcoal might impede the desired reaction, platina may be 
employed as a support ; sometimes in the form of a small 
spoon, sometimes in thin foil, and sometimes as a fine wire. 

a. Platina spoons. For a long time spoons of gold or silver 
were used in the treatment of minerals with soda ; but these 
are too easily melted, or injured by a strong heat. They are 
now made of platina. Tlie spoon is one-fourth of an inch in 
diameter, and one-twelfUi of an inch deep, and is fastened to a 
narrow, short and pointed handle, which can be thrust into a 
piece of charcoal, so as to be easily managed. The thinner 
the metal of the spoon, the higher the temperature to which it 
can be raised. I have seen them in England, stamped in thin 
platina foil, which was doubled on each side of the handle, so 
as to make it sufficiently stiff, exactly as small tin spoons are 
often made. The platina spoon is an instrument which can be 
dispensed with in blowpipe operations, since it has been found 
that minerals can be best treated with soda on charcoal. Be- 
sides, the size of the spoon renders it difficult to attain the 
high temperature which is oflen required. 

b. Platina foil. Wollaston introduced, instead of the 
spoon, thin platina foil, which should be cut into strips of a 
few inches in length, and half an inch broad. This foil can 
be intensely heated, since the thin metal conducts away very 
little heat; when it is desirable at the same time to heat 
and oxidize the assay, the flame can be directed upon the 
under side of the foil. Platina is so bad a conductor of heat, 
that when the assay is heated upon one end of a strip of foil, 
the other end may be held in the fingers without inconvenience* 
Care must be taken not to treat such minerals on platina foil 
as are reducible to the metallic state by the action of the blow- 
pipe, because the platina, in that case, combines with the 
metal, fuses, and becomes perforated. With care such a strip 
may be made to last for a long time ; should it be injured, 
a piece can be cut off, and when the strip becomes too short to 
be held in the fingers, it can be held in the forceps. 

c. Platina wire. Gahn, who saw at once the inutility of 
the platina spoon, but was not acquainted with the use of the 
foil, contrived another method of using platina as a support, 
which far surpasses either of the others, and permits us to dis- 
pense with the spoon and foil in most cases. 
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A platina wire is bent into an eye at one end, as shown hy 
Fig. 18, PL n., which eye serves as a support in the following 
manner. It is moistened by the mouth, and then dipped into 
the flux, of which a small quantity adheres to it, which, when 
melted to a bead, remains attached to the eye. The assay is 
then moistened, so that a part of it adheres to the bead, and 
the two are then subjected together to the action of the flame. 
The melted mass is then in a position in which it can be con- 
veniently examined ; since it is free from the deceptive play of 
colors, which is often caused on charcoal, by the adherence of 
the assay to the dark colored ground. 

This method answers the purpose so perfectly, that it is, in 
most cases, far more serviceable than the charcoal, and it can 
be advantageously used in all cases, excepting when a metal is 
to be reduced by the blowpipe flame. In general, all attempts to 
oxidate, and all researches in which a change of color in the 
fluxes is to be looked for, must be performed upon the platina 
wire; I must here remark, that platina does not combine with 
phosphorus during the ignition, and that it is consequently not 
injured by' the salt of phosphorus. I have attempted in vain 
to cause it to combine with phosphorus, even when the salt of 
phosphorus was mixed with boracic acid, and heated with it 
upon charcoal. 

When the flux has been heated till the proper reaction has 
been obtained, if it is wished to prevent a re-oxidation by rapid 
cooling, the bead can be thrown from the wire, by a slight 
jerk, on to a cold body, such as a tea-cup, or a small anvil, 
where it cools instantly, which is oiften of service. Several 
wires must be had ready, so as not to be obliged to forcibly de- 
tach the glass from the eye in order to clean the wire ; it can 
be dissolved off in water aflerw8urds, at leisure. 

SuiTHSON uses the platina wire for holding a small splinter 
of a mineral which is to be heated ; he attaches it to the end 
of the wire with fire-clay. The clay is first gently dried in 
the flame, so that it may not be blown away from its position. 

In travelling, the platina wire is indispensable, for it is not 
always possible to procure the proper kind of charcoal, and 
not easy to transport a large quantity. It can thus be kept for 
those operations in which it is required to reduce a metal to its 
metallic state, or where a mineral containing sulphur or arse- 
nic is to be roasted. As to the size of the wire, it is not a 
matter of consequence, though the finer it is, the better, pro- 
vided that it does not bend when heated. If too coarse, it 
conducts away too much heat. 

DUthene. Ds Saussube made use of the mineral called 
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disthene, kyanite, or sappare, before the use of platina foil was 
known. This mineral can be divided into small slips, which 
may be fastened at one end to a bit of glass tube, which an- 
swers the purpose of a handle ; the assay is then attached to 
it by being moistened, or by a little gum water. This sub- 
stance is, however, not so common that it can always be ob- 
tained, and its use is rendered quite unnecessary by Uie intro- 
duction of platina. The disthene is, moreover, attacked by 
the fluxes. 

A strip of mica can sometimes be used as a support for the 
roasting of metallic ores, if the reducing influence of the 
charcoal is to be feared. 

Fire clay can also, according to Smithson, be used for this 
purpose. The clay is to be beaten out into a thin sheet, be- 
tween two pieces of paper, with a flat, smooth hammer. It 
can then be cut into acute-angled triangles, broad strips, &;c. 
The best way of preparing them is this : an equal quantity of 
burnt and imbumt clay must be kneaded with water to a* stiff 
paste, which is to be laid on paper, and then covered with soft 
paper ; it must then be smoothed with a roller, for which pur- 
pose a cylindrical bottle can be used. The mass is to be cut 
up while moist, and dried in the air, and afterwards under a 
press, since otherwise it would warp and crack. The form of 
small cupels can be given to the pieces, by cutting out round 
disks, and then pressing a concavity in the upper surface by a 
stamp of proper size, turned out of hard wood. These clay 
slips withstand the action of borax, and are not attacked by the 
oxide of lead. They must be heated in the flame of a spirit- 
lamp, before being used, to drive off hygrometric moisture. They 
are best held in the hand ; but small pieces, and the cupels are 
to be laid upon charcoal. 

Glass tubes. In case the assay is to be roasted in such a 
manner as to detect the substances which may be volatilized in 
the operation, I make use of a glass tube at least three inches 
long and one-twelfth of an inch in diameter, open at both ends. 
The assay is placed in this, near one end, and the tube is to be 
held with this end slightly inclined downwards. According bb 
more or less heat is required, the spot where the assay lies is 
to be heated with a spirit-lamp or by the blowpipe flame ; and 
the tube can be inclined more or less, eis a stronger or lighter 
draught of air is required. Substances which are volatilized 
by this operation, but not gaseous, sublime into the upper part 
of the tube, and can then be recognized. This small piece of 
apparatus is seen in Fig. 19, a, PI. II. Although straight tubes 
require no previous preparation, and are therefore easily pro- 
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cured, there is one difficulty attendant on their use, which is^ 
that the assay is apt to fall out, if the tube be inclined before 
it is so softened by the heat, that the substance under examina- 
tion can fasten itself to it. It is, therefore, better to bend the 
. tubes near the lower opening, at an oblique angle, into the form 
shown in Fig. 19, chd. The assay is then to be laid in the 
angle at &, and the tube csm then be inclined at an angle suffi- 
cient to allow the gaseous vapors to rise, without danger of its 
falling out. When a very slight draught of air is required, the 
aperture at c can be made smaller by melting it together. This 
is especially useful in detecting selenium when roasting sul- 
phurets, since the slight access of air does not allow the sele- 
nium to become oxidized. Still another kind of tube will be 
mentioned under the head of arsenious acid. 

Glass matrasses. When the assay is to be examined for 
water or other volatile matters, or when it is liable to decrepi- 
tate, it must be heated in a glass tube closed at one end, and 
slightly enlarged at the other, so as to have the form of a small 
matrass, A^ Fig. 20, PI. 11., since the volatile matters are more 
easily driven off when the air is allowed to circulate in the ap- 
paratus. 

When, on the other hand, combustible substances are to be 
sublimed from the assay, as sulphur, arsenic, ^., the tube 
must not be enlarged at the closed end, to avoid combustion, 
which might be caused by the circulation of air. 

Von Engestbom proposed to heat decrepitating substances 
in a cavity in the charcoal, by covering it with another piece 
of coal, leaving a small aperture into which the flame of the 
blowpipe could be directed. Wollaston placed the decrepi- 
tating substance in a fold of platina foil. Bergman used 
glass tubes closed at one end, and also a platina spoon, closed 
by a lid provided with a hinge. Gahn preferred the small 
glass matrass to any other contrivance, but he used it only for 
^crepitating substances, and paid little attention to the reaction 
obtained by sublimation. 

The glass tubes and matrasses which are used for the exam- 
ination of metallic substances, are oflen destroyed in the course 
of the operation. For this reason, it is necessary to be provi- 
ded beforehand with a supply. It is troublesome to carry 
them in travelling, and difficult to replace them when broken. 
I am in the habit of cutting glass tubing into pieces of five or six 
inches in length, which I keep in a wooden or tin case. The 
place where the glass tube has once been exposed to the flame 
cannot be a second time heated without cracking, as the glass 
generally loses its shape. For this reason a piece must be cut 
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off with a file, and the tube then cleaned with a bit of paper 
wound round a wire. Thus with one piece seven or eight op- 
erations can be performed, since each one will not require more 
tiian half an inch to be cut off. In the same manner the 
closed tubes can be cut off and cleaned. 

The matrasses are rarely exposed to so high a temperature 
as to be destroyed. They can, therefore, be used for a long 
time, but still it is best to have a few in readiness in case of 
accident. Those tubes which are merely closed at one end, 
without being enlarged, are best made as wanted, by sealing up 
one end with the blowpipe, by means of the spirit-lamp. Thus 
the same piece of tube can be used, open or closed, as occa- 
sion requires. When the piece is too short to be used as an 
open tube, it will still answer the purpose when a closed tube 
is required. 



VI. INSTRUMENTS WHICH ARE REQUIRED 
WITH THE FOREGOING. 

1. Forceps. Forceps, or tongs of various kinds are used for 
different purposes. 

a. Forceps to hold the assay during the operation of blow- 
ing. It oflen happens that small fragments are blown away 
by the current of air produced by the blast upon the charcoal. 
They must, in such cases, be held by forceps, of which the 
whole, or the points only, are of platina. 

They are best made of steel, of the form shown in two 
views, PL ni. Fig. 21, a &, are two small strips of steel, of the 
form shown in the figure, to the ends of which platina points 
are attached, by means of two small rivets. These steel slips 
are fastened, in the middle, to a small plate of the scune metal, 
which lies between e e, so that a double pair of forceps is 
formed, which, at one end, have broad steel points, separated 
from each other, and at ^e other, narrow and long platina 
points, which are closed upon each other by the elasticity of 
the steel part of the instrument. In order to open them, each 
piece has a small projection, d (2, passing through one limb and 
attached to the other, so that when they are pressed between 
the thumb and finger the platina points separate, and, if the 
pressure be relaxed, the elaisticity of the steel holds the assay 
fiirmly. 
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The platina points must be sufficiently stiff at b not to give 
way to the elasticity of the steel, but they must diminish in 
size towards c, in order not to conduct away too much heat. 
The steel points must be tempered at a, in order not to be 
scratched or blunted, when used to break off small fragments 
of the specimen for examination. This kind of forceps has 
been introduced among us from France, and it answers the 
purpose admirably. 

A less convenient form is used in England. It is rep- 
resented by Fig. 22, PI. III., in profile. The legs, a ft, are of 
brass, and are attached together at ft, like the former kind. At 
ft two platina points, ft c, are riveted, as before. The forceps 
are kept open by the elasticity of the metal, and are shut by a 
double Dutton, </, which slides up and down in a slit cut in the 
legs. When the button is slid towards c, the legs shut closer 
together ; e e are two bits of wood, fastened to the legs, by 
which the forceps are held, since brass is so good a conductor 
that the fingers are liable to be burnt, if the operation be con- 
tinued for some time. 

b. When anything is to be held more firmly, a pair of iron 
forceps is used, made like the foregoing, and represented by 
PL III. Fig. 23. The button, d d, by which the forceps are 
closed, is provided, on one side, with a steel spring, to hinder 
the forceps from opening from the sliding back of the button, 
when a large object is grasped. 

c. To break off small fragments from the specimen without 
striking it, or to divide small fragments, a pair of cutting-pliers, 
like Fig. 24, is used ; the edges ought, however, rather to be 
broad and strong, than sharp, since otherwise they would soon 
be gapped. 

d. A peculiar kind of forceps for trimming the lamp-wick. 
For this purpose I use a pair of iron forceps with long points. 

2. Hammers. It is necessary to be provided with two ham- 
mers, both of good and well hardened steel. One must have, 
at one end, a round and polished surface, to flatten out globules 
of reduced metals ; the other end must terminate in a blunt 
point, which is to be used for breaking off pieces for analysis, 
when the blow requires to be struck cm a small surface. The 
other hammer must be square at one end, 6uid at the other it 
must terminate in a broad sharp edge to answer as a sort of 
chisel, in case of necessity. Such a hammer is represented by 
Fig. 25, a, PI. in. This is used to break off fragments for 
analysis, and the sharper the comers and edges, the less the 
injury to the specimen. If they become rounded, the hammer 
must be ground sharp again. 

3 
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S. An anviL An anvil is needed to break up fragments of 
minerals, and also to flatten out reduced metals. Von Eivgss- 
TBOM and Bebgman used polished steel disks, an inch square, 
and one-fourth of an inch thick. In order that the specimen 
may not be thrown about by the violence of the blows, a steel 
ring is placed in the middle of the disk, inside of which the 
fragments are confined. Gahn changed the form of the anvil 
to that of a parallelopiped about three inches long, one inch 
thick, and five-eighths of an inch broad. Fig. 26. This has the 
advantage that the anvil has several suifaces, which can all be 
used. It is also sufficiently strong to resist every blow, and 
can easily be packed with the other instruments, in the manner 
which I shall describe. The ring is an entirely unnecessary 
addition, which does not answer the purpose intended. K a 
substance is to be broken in pieces, it must be wrapped up* in 
paper, laid upon the anvil, and struck heavily with the hammer. 
The paper prevents the fragments from being scattered about, 
and although it breaks in pieces, the powder can be taken out 
without loss. To flatten out the grains of reduced metals, the 
best way, in my opinion, is to cover the grain with thin paper, 
and then to press upon it with the finger ; in this way, a pro- 
jection is left where the globule lies ; the paper' can then be 
held fast by the fingers, and the metal flattened out. If the 
metal be brittle, the powder remains on the spot ; if malleable, 
a scale is obtained, which fastens itself by its ragged edges to 
the paper, and can thus be conveniently examined. 

4. A knife. A knife of good steel is required for many pur- 
poses ; it must be so formed that the edge be blunt, and the 
point bluntly ground ofl*, but sharp. This knife can be mag- 
netized, so as to answer the purpose of a magnet. I use a 
pen-knife with a blade which can be shut up. With such a 
knife the hardness of substances is determined, by observing 
whether they are more or less scratched by steel. With the 
point of the knife, when moistened in the mouth, the fluxes 
are taken up, and, when necessary, they can be mixed by it 
in the palm of the hand ; in short, the knife is one of the most 
indispensable instruments of the blowpipe apparatus. 

5. One or more files. Triangular, flat, half-round, and round, 
are used on many occasions, wluch it would be idle to enumerate. 

6. A small mortar with its pestU^ of agate or chalcedony, 
the smaller the better. The one which I use is not quite two 
inches in diameter, half an inch high, and the concavity ground 
in it is five-sixteenths of an inch smaller each way.* It is de- 

* Grahn, once having lost the pestle of his mortar, toc^ a chalcedony button 
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flirable dmt the bottom should be slightly traDspftrent ; it must 
also be free from holes or flaws, in which the pulverized sub- 
stance might collect. 

A small piece of pumice sUme must be kept for cleaning 
&e mortar, since, otherwise, it is difficult to remove the traces 
of metalliferous minerals from the surface of the mortar. 

7. A conical tube of tinned iron^ PI. m. Fig. 28, the ends 
of which are filed away so as to leave a cutting edge. This 
cone is used to bore cavities in the charcocd ; Qie larger end 
makes a larger, the other end a smaller, hole, which is smooth 
at the bottom, and regular in form. The figure shows the con- 
ical tube, containing a phial, for which it serves as a case. 

8. A microscope. Fig. 27 shows the best form of the mi- 
croscope, which takes up little room, and is conveniently used* 
It has two lenses of diffeient magnifying powers, which must 
be plano-convex, as suggested by Wollaston, in order to in*> 
crease the field of vision. This instrument is quite indispen- 
sable in this kind of experiments, cmd colors should never be 
decided upon without its aid, since the reflection from the sur- 
face of the coal oflen causes, in small beads, a deceptive play 
of colors, which disappears under the microscope. 

9. A box for preserving the reagents. In these researches 
it is highly desirable that the fluxes should be so placed that 
they can be convenientiy taken out for use, especially when 
certain experiments are to be made, in which a decisive result 
cannot be taken for granted, but when, notwithstanding, the 
use of any one of the fluxes may, unexpectedly, decide the 
question. This circumstance induced Gahn to contrive a box 
in which all the reagents could be kept so as to be at hand 
when wanted, and in which the separate compartments could be 
opened and shut by the right hand, and the flux taken out, 
without the necessity of laying down the assay and its support, 
which is held in the left hand. The form which Gahn at last 
fixed on is represented by PL III. Fig. 3Q. It is a box 8^ inches 
long, and I^ inches broad, and when shut, 1 inch in height. 
It is divided into nine cubical compartments, each one of which 
is provided with a closely fitting lid, and it has also a common 
lid for the whole, which can be closed by a couple of hooks. 
To render this lid more secure, it is provided with two cross- 
pieces, which fit into spaces lefl between the lids of the second 

which had a surface fitted to the concaTitv of the mortar, and fastened it with 
shellac, to a handle of cork ; he never afterwards retjoired any other. I was 
compelled to make one in the same way, and mention this, that others who 
may happen to be in the same difficulty, may have recoorse to the same expe- 
dient. 
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and third compartments, counting from each end. The com- 
mon lid is fastened by metal hinges, while the smaller lids turn 
on a common axis, which passes through all of them. These 
joints require to be made with considerable care, and make the 
box dearer than it would otherwise be. This expense may be 
partially obviated, by making the hinge of a strip of morocco 
leather fastened to the back of the box, which, bending as the 
cover is raised, answers as well, if not better, than a metal 
hinge. Esu^h reagent which is most often required has a sep- 
arate compartment, and those which are only very rarely used 
can be wrapped in paper, and a number of them placed to- 
gether in one division of the box. In travelling, wide-mouthed 
phials may be used with advantage ; they can be closed with 
corks. As many small phials, or turned wooden boxes, as are' 
required, may be placed in a case of lackered tin, of the form 
and size of the wooden box above described, into which they 
may be made to fit. The box should be two-thirds of the 
height of the phials, and the cover may be put on, without a 
joint or hinge, like the lid of a common snuff-box. This method 
of preserving the fluxes was introduced by Sefstrom, at the 
School of Mines at Fahlun, and is used by the pupils on their 
excursions to the mines. 

10. A plate of sheet-iron^ 12 or 14 inches square, with a 
rim half an inch wide, turned up at the edges. This plate is 
used to contain the lamp while it is in use, in order that when 
substances should fall from the support, they may be easily 
found on this plate. For this purpose, the bottom should be 
kept covered with clean paper. 

11. A cork^ through which passes a glass tube^ with a fine 
opening at one end^ PI. II. Fig. 20, B. This tube is inserted 
into a bottle half filled with water, and answers the purpose of 
an edulcorator, in certain reductions, which will be described 
farther on, where the charcoal powder is to be washed from 
the reduced metal. Since bottles and water can everywhere 
be had, it is only necessary to take the tube in a travelling case. 
It can be inserted into a very conical cork, in order to fit a va- 
riety of sizes of bottles. 

12. In travelling, a cylindrical bottle of tinned iron^ fastened 
by a screw cap, like the blowpipe-lamp, is useful. It is intended 
to contain a provision of oil, which, in travelling, it is often 
difficult to procure of good quality. 

13. A square case of tin^ for several large pieces of char- 
coal, which must be wrapped in paper before Uiey are placed 
in it, since, if they lie loose, they are apt to be shaken to 
powder, which escapes and covers everything with dirt. 
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14. A smaU obUmg hox of lackered tin, which ur provided 
on Ihe inside with silk cushions, which fill the whole box. Be- 
tween these cushions the small loose parts of the blowpipe ap* 
paratus are to be kept, such as platina jets, foil and wire, a fine 
needle to clean the aperture of the jet when necessary, and a 
small blood-stone to try whether the reduced but unmelted me* 
tallic substances have a metallic streak. 

15. A case of tin or wood^ for glass tubes. 

16. A match hox^ for which I generally use a small phial of 
phosphorus, closed with a tin or glass stopper, which must be 
smeared with tallow. 

17. Several cylindrical hoxes^ which are intended to contain 
a provision of those fluxes which are most often required, such 
as borax, salt of phosphorus, and soda. 

18. Several small porcelain capsules^ three*fourths of an 
inch in diameter, and diree-eighths of an inch in depth ; they 
are intended for preserving the fragments of minerals intend- 
ed for examination, and for the substances which have been 
tested, and laid aside for description. 

All these instruments must be kept where they can be con- 
veniently reached, without the necessity of stopping to look for 
them. There are two methods of attaining this end, one when 
the apparatus is to be used at home, and another when it is requir- 
ed for use in travelling. I will describe both methods as used 
by Gahn, of the utility and convenience of which I have, by 
long experience, become convinced. 

To arrange and preserve the blowpipe apparatus at home, a 
peculiar sort of table is used. The form is not a matter of 
much importance, but PL IV. Fig. 34, represents the table used 
by Gahn. In the .narrow ends of the table, two drawers are 
inserted, which are represented in the figure as drawn out, to 
show their peculiar and skilfully contrived arrangement. Each 
drawer is supported by two side pieces, which are fastened to 
its bottom, and are much longer than the drawer itself. These 
pieces slide in grooves made in two slips of wood fastened 
under the drawers, and prevent the drawers from slipping out 
entirely and falling, when opened far enough to expose the 
back compartments. 

These two drawers are especially destined for preserving 
the blowpipe apparatus. In the ri^t hand drawer are placed 
the most important and most frequently used pieces of appara- 
tus. Those which are not so often used are kept in the left 
hand drawer. To prevent the instruments from getting into 
disorder, the drawers are divided into compartments, by 
tin boxes, which are more easily taken out and cleaned, than 

3* 
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if the compartments were formed of strips of wood. In the 
other four drawers on the front side of the table, which, if 
necessary, can also be filled by boxes of tin or pasteboarH, the 
lamp and the iron tray can be kept, together with the charcoal, 
and a supply of fluxes, lamp-wick, and other useful articles, and 
the substances intended for examination ; and behind the left 
fore leg is suspended a towel, which is thus always at hand, 
and which can be used, and then dropped, without the necessi- 
ty of seeing that it is put in its proper place. 

When on a journey, the instruments are to be arranged in a 
case of leather, made like a case for surgical instruments. 
PL IV. Fig. 35, represents such a one. It consists of a large 
piece of leather, from 40 to 42 inches long, and 18 inches 
broad, which is folded lengthwise, so as to be 10 inches wide. 
To this a leather band is sewn, so as to form from 25 to 30 
folds or spaces. In these spaces the instruments are to 
be arranged ; the folds on each side are to be turned down and 
fastened by ribbons sewn on to the edges, and the whole rolled 
together and secured by a leather strap fastened to the edge. 
The spaces must be graduated in size according to the instru- 
ments intended to fill them ; the largest should be placed near- 
est the end which is first to be rolled up ; small spaces should 
be lefl between the larger ones. It is well to leave a few 
empty spaces for future wants. This case has one advantage, 
that when it seems already full, in case of necessity, half as 
many more instruments maV be packed into it. 

The instruments lie without being shaken or rubbed against 
each other ; the case takes up the least possible room, and can 
be packed among other things without injuring them. I en- 
close it, when on a journey, in a linen sack^, and put it in the 
comer of the carriage, where it occupies little room, and is at 
hand when required for experiment. When I remain several 
days at the same place, the case is unrolled and suspended by 
a button-hole in one end to a nail in the wall, so that everything 
can be conveniently and easily reached. 

I have described these methods of packing rather circum- 
stantially. They were the result of many experiments on the 
part of Gahn, to bring the system to perfection, and he who 
follows accurately what I have laid down on the subject, will 
be spared the necessity of making the same trials, and resting 
satisfied at last, perhaps, with a less convenient foi;n of arrang- 
ing and packing his apparatus. I assure any one, that if he is 
willing to make the small outlay required to arrange everything 
as I have here described it, he will be satisfied, and I am con- 
fident that there is nothing which can be spared from the list. 
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Besides the abovementioi^d instruments, I generally carry 
a few others in the same case, which do not properly belong to 
the blowpipe apparatus, but which are of great service to the 
chemist when travelling, 

19. A short arm to fasten to the standard which supports 
the lamp, and which can be screwed in any position. It is rep- 
resented in PL II. Fig. 19, i k. It has in front a deep slit cut, 
which can be brought together by a screw, Z. In this a trian- 
gle, ahc^ cut from sheet iron, is inserted, as a support for a 
platina capsule, or a crucible of the same metal. It consists 
of two parts, ahd^ and acd^ which are connected by a hinge 
at <2, so that the triangle can be folded together, when it is to 
be placed in the case. The small holes, efg hy on a &, are 
intended to reduce the size of the opening, in order to fit 
smaller crucibles ; a steel wire, bent at one end at a right 
angle is inserted into one of these holes and laid against one of 
the four small projecting points, efgh (lettered to correspond 
with the holes), so that four different sized triangles can be 
formed. I must add, that the figure is a little smaller than the 
triangle which I use. 

20. A small capsule of platina j which, together with the 
spirit-lamp, occupies the largest division of the case ; also a 
handle of wood, which Gahn contrived for similar vessels. 

21. A magnetic needle^ mounted with an agate cup, with a 
stand. Fl. IH. Fig. 32, A, and Fig. 31. 

22. Hauy's electrical torsion balance^ Fig. 32, 5, for which 
the same stand will answer as for the former. 

23. A piece of transparent crystallized carbonate of lime^ 
for electrical purposes. Nos. 21, 22, and 23 are packed to- 
gether in a small case. 

24. A cylindrical case^ in one end of which a glass tube 
filled with sealing-wax is kept, in which a small pin of steel is 
inserted, to which the torsion balance can be suspended, when 
it is necessary that it should be isolated. The other end is oc- 
cupied by a conical stand, also of sealing-wax, to which a hair 
of a cat is fastened. This electroscope, invented by Hatjy, is 
the most delicate of all, and allows us to dispense with almost 
all others in physical examinations of minerals. The hair is 
rubbed between the fingers, by which it is negatively electri- 
fied ; and if in this state it be approached to an excited body, 
it will be attracted or repelled, according as the body be posi- 
tively or negatively excited. When the hair is not electrified, 
it is attracted by all electrified bodies, and detects smaller quan- 
tities of electricity than even the torsion balance. 
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M. A steel magnei^ for performing HaSt's experiment of 
double magnetism.* 

26. A small pair of scissors, 

27. A small pair of pliers^ to take off and put on the cru- 
cibles, when heated by the spirit-lamp. 

28. A small touchstone^ and several needles of gold alloys^ 
for trying the fineness of gold. 



Vn. THE REAGENTS, AND THE METHOD OF 

USING THEM. 

Ceonstedt used generally but three reagents ; basic carbon- 
ate of soda, borate of soda, and the double salt of the phosphate 
of soda and ammonia, which I shall call hereafter, for the sake 
of brevity, by their common technical names, soda, borax, and 
salt of phosphorus. These reagents are all still in use, and 
among the great number of those which have been tried since 
that time, not one has been found to replace either of these. 
It is singular enough, that, in the very beginning of the art, the 
very best reagents should have been hit upon. In addition to 
these, which are constantly required, others, intended for certain 
special purposes, are not so often used, but must be at hand, as 
occasion may require. I will speak of each reagent by itself, 
of the purpose it is intended to accomplish, and Qie method of 
using it. 

1. Soda (carbonate of soda). For this purpose the carbon- 
ate or the bicarbonate may be used ; but it must be perfectly 
pure, and, especially, free from sulphuric acid. It is best pre- 
pared by dissolving the common refined soda of the shops, and 
impregnating the saturated solution with carbonic acid, by 
which operation the bicarbonate of soda is thrown down, in 

* This experiment is intended to detect the slightest trace of magnetic force 
in minerals, and is thus performed. A magnet is placed at a small distance 
ih>m the suspended magnetic needle, the north pole, for instance, turned 
towards that of the needle ; it is then gently moved toward the needle till it 
takes a position at right angles to its former place, caused by the repulsion of 
the same kind of electricity. The repulsion of the magnet and the force of 
terrestrial attraction now hold the needle exactly balanced between them, so 
that the smallest disturbing magnetic force moves it out of its place, and the 
attractive power of the magnet prevails. In this way an amount of ma^etic 
force may oe detected which would not be sufficient to affect the needle m its 
ordinary state. In peribrming this experiment, care must be taken not to 
excite electricity in tne mineral by hanaling it, since it would exert the same 
attracting power as magnetism. 
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the fonn of a white crystalline precipitate ; this precipitate 
must be washed a few times with cold water, and then dried* 
The salt can be kept in powder, either as obtained by this pro- 
cess, or afler being ignited. In the former case it takes up 
more room, but in the latter state, when a moistened knife is 
introduced to take out portions of the soda, the remaining por^ 
tion is rendered lumpy by the absorption of water. 

The object of the use of soda is, in general, two-fold : a. to 
determine whether substances, when melted in it, are fusible or 
not; and, b. to assist in the reduction of metals* Both are 
operations of the highest importance, and render soda the most 
indispensable of the fluxes. 

a. The JusibUity of substantes in soda. A great number of 
substances have the property of combining with soda at a high 
temperature, but the greater part of these combinations are in* 
fusible. Soda produces fusible combinations with acids and 
with a few metallic oxides, inciuding silica. These are for the 
most part absorbed by the charcoal. The combination which 
most frequently occurs, is the glass formed by it with silica or 
minerals containing silica, of which I will speak farther when 
treating of silica and the silicates. 

When soda is to be used, certain small precautions are to be 
observed. It is to be taken out of the box in which it is kept 
with the point of the knife moistened in the mouth, in order 
that the powder may adhere to it It is to be placed in the 
hollow of the left hand, and, if necessary, moistened with a 
little water, and then worked into a coherent mass. If the 
substance to be examined is a powder, it must i>e kneaded up 
with the soda ; but if it be a thin scale or fragment, it must be 
covered with the soda, and then gradually heated on the char- 
coal to the melting point. It often happens that the soda will 
be absorbed by the charcoal at first ; liiis does not hinder its 
reaction upon the assay, for if it is soluble in the soda it will 
draw it out again ; a constant effervescence is seen upon the 
surface of the assay, the edges become roimded, and it is soon 
converted into a melted globule of glass. If, on the other 
hand, the assay be not soluble in soda, but be decomposed by 
it, it is seen gradually to change its appearance, but without 
melting. However, before coming to the conclusion that such 
a substance is insoluble in soda, it must have been mixed with 
the soda in a pulverized form. If too little soda be added to 
the assay, a part of it remains undissolved, surrounded by a 
clear glcuss ; and if too much be added, the glass, on cooling, 
becomes clouded. In order, in eeu^h of Uiese cases, not to be 
deceived by an element of the substance examined, which 



mi^M be msoluble, aod tibtus cauae an ofmcity m the bead, 
mere of. the same substance must be added, to see if in that 
manner a tram^parent glass can be detained. In general, it is 
always best to add the soda in small portions, to obsenre what 
effect varied proportions of the flux may produce. 

It c^len ha|>pens, that, in this iteration, the glass while cool- 
ing becomes colored, and assumes a tint varying from yellow 
to a deep hyacinth red, or becoming even opaque and dark 
yellowish brown. This happens when the soda or the assay 
contains sulphur or sulphuric acid, the color being produced by 
the hepar or liver of sulphur, which is formed by the reducing ac- 
tion of the charcoal. If it always occurs with the same soda, it is 
a proof that it contains sulphate* of soda, and it is therefore un- 
fitted for blowpipe uses; but if the soda generally gives a 
coloriess glass, the assay contains sulphur or sulphuric acid. 

CsoNSTEPT and Bergman prescribed the use of a metallic 
apoon, in which the soda was to be melted with the mineral, 
because they believed that the absorption of the flux by char- 
eoal might prevent its action upon the assay. Gahn never 
used the spoon for this purpose, because by performing the 
operation on the charcoal, the melted mass assumes a globular 
shape, of which the color and degree of transparency can be 
accurately observed, while, on the contrary, it spreads over the 
•ur&ce of the spoon. 

b. The reduction of the metcdlic oxides. This operation, by 
means of which quantities of reducible metals are often de- 
tected which would escape the test in the moist way, unless 
very large quantities were operated on, I consider the most 
important of Gahn's discoveries in the use of the blowpipe. 

When a small quantity of native or artificial oxide of tin is 
placed on the charcoal, a practised blower can obtain from it, 
with some difficulty, a metallic globule ; but if a small quantity 
of soda be added, the reduction is eflected with ease, and, u 
the oxide be pure, it is entirely converted into a globule of tin. 
The soda then assists in the reduction in a positive manner, 
but in what way is not exactly known. Since the substance 
which is to be reduced is surrounded by soda, and its contact with 
the charcoal rather hindered than favored, the soda may, during 
the operation, undergo partial reduction, by means of which the 
enclosed oxide is brought to the metallic state, by the action of 
the radical of the soda or its suboxide. If the metallic oxide 
contains a foreign body, which cannot be reduced, it is often 
difficult to bring it to the metallic state ; but if a small quantity 
of borax be added, which contributes by its presence to the . 
solution of the foreign substance, the operation can be eflected, 
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and die metal Is generally much easier recognized^ since tiie 
character of the substance under examination had previously 
been determined with tolerable certainty, and the reduction is 
only performed for the sake of confirming previous experi- 
ments. This kind of reduction has been described by Beegk 

IfAN. 

But let us suppose the metallic oxide mixed in small quanti- 
ty with other non-reducible substances, and that its presence is 
not known, or that it cannot be determined with certainty by 
other tes^, in what way can it be discovered whether the assay 
contains a reducible metal, and how can it, in this case, be ex- 
tracted ? This question has been answered by Gahn in the 
following simple manner. 

The assay is to be pulverized and mixed, in the palm of the 
hand, with moist soda, to a paste ; it is then to be laid upon 
the coal, and heated in the reducing flame. Upon this, more 
soda is to be added, and the operation continued. As long as 
any portion of the assay is still remaining unabsorbed by the 
charcoal, more soda is added, and the blowing kept up, till all 
has been absorbed. The first and smaller portions of soda 
serve to collect the metallic matter scattered through the mass, 
and the final absorption of the mass into the charcoal, com- 
pletes the reduction of that part which had not before been 
reduced. The coal> is then moistened with a few drops of 
water, and all that part of it into which soda has been absorbed 
is to be broken out and finely pulverized in the small mortar. 
Water is then to be poured upon it, to wash away the fine 
coal-dust ; the washing-tube answers this purpose excellently ; 
this operation must be repeated till all the coal has been re- 
moved. If no metal was present in the assay, the mortar is 
left empty ; but if it contained ever so small a quantity of re- 
ducible metal, small, flattened, brilliant scales of metal are 
found, if the metal be malleable ; or a metallic powder, if it be 
brittle., or cannot be melted. In both these cases the metallic 
streak, produced by the friction of the metal in the mortar, can 
be seen. Should tiie quantity of metal contained in the assay- 
be exceedingly small, the metallic streaks are often not to be 
observed. The flattening of the malleable metals has tiie ef" 
feet that an almost invisible grain becomes flattened out into a 
I^te with quite an appreciable diameter, while at the same 
time its surface receives a burnish. In this way, a quantity so 
small as one half per cent, can be detected in a specimen of 
tin of the usual size for blowpipe experiments, and of copper 
the smallest tnaoe can be detected and rendered visible. 

Care must be taken in these operations, to keep the tempera* 
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ture as high as possible, and to envelope the surface of the flux 
as much as possible with the reducing flame. ' None of the 
substance must be allowed to remain attached to the charcoal, 
or be washed away, since when the mineral collects in a grain, it 
IS impossible to say in what part of the mass it may lie ; the 
coaly mass must be slowly and carefully pulverized, and cau- 
tiously poured off, so that only the lightest and finest particles may 
be carried away with the water ; tihe result should not be deter- 
mined till all the coal has been washed away, since small scales 
of the metal may be concealed by the coal, and the particles of 
coal seen in a peculiar light have a metallic lustre, which might 
deceive the inexperienced. Lastly, the assay should always be 
examined with the glass, even if it should be large enough to 
be seen with the naked eye, in order to be certain that no error 
has been committed. It often happens that a mortar, which 
has been a long time in use, has small cavities which are filled 
with air, and form bubbles under the water, whose convex sur- 
face reflects the light like a metallic substance. It is, however, 
easy to recognize the true nature of the reflecting surface, in 
such a case, by turning the bottom of the mortar to the light ; 
if it be a bubble it will be transparent, if a scale of metal, liie 
spot will be opaque. 

The metals which can be reduced in this way are, the pre- 
cious metals, molybdena, tungsten, antimony, tellurium, bismuth, 
tin, lead, copper, nickel, cobalt, iron. Among these, antimo- 
ny, bismuth, and tellurium are easily volatilized, if a strong 
heat be used for the reduction. Selenium, arsenic, cadmium, 
zinc, and mercury, are so easily volatilized, that they cannot 
be collected except in a small apparatus for sublimation. The 
process of reduction can be successfully performed by the be- 
ginner, if the assay contains 8 or 10 per cent of metal. If, 
however, the proportion of metal be less, more care and more 
practice is required to keep the reduced metal in the mortar, 
and to detect it. To acquire practice in this operation, a sub- 
stance containing copper is best chosen, and at each successive 
experiment the quantity of copper can be diminished by adding 
a portion of mineral which contains no copper; and when the 
proportion is so far diminished that the copper can be no longer 
detected, the operation must be repeated till the operator is 
successful in again detecting it. When, in this way, several 
assays have been made for practice, one soon becomes master 
of the science, which only requires dexterity and a practised 
eye. 

When several metals are contained in the same specimen, 
they are generally obtained reduced together to a metallic 
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alloy ; some of them can be obtained singly^ e. g^ coppet Iu6d 
iroii) which leave a regulus of each Inetal. When several 
metfids are mixed together, especial researches are required te 
determine the nature of the reduced metal. I shall describe, 
farther on, the reaction of each metallic oxide. 

Instead of soda, potash ccui be used in all these operations ; 
but soda is always to be preferred, since its carbonate remains 
dry, while the carbonate of potash attracts moisture from the 
air, and because the dissolving power of soda is to that of pot* 
ash as 25.58 to 16.95, that is to say, in proportion to the quan* 
tity of oxygen which they contain. 

2. Borax, The borax of the shops must be dissolved and 
recrystallized. Gahn oflen showed me that by melting borax 
with soda, till both were absorbed by the charcoal, a white 
metal could be obtained, which seemed to come from the veteels 
in which the borax is refined. This does not occur with b(Mra± 
which \m& been recrystallized. 

The borax can be kept m small grains of the size required 
ibr blowpipe use, or in powder, in which case it can be taken 
up on the moistened point of the knife, like soda. Some per* 
sons use borax from which the water of crystallization has 
been driven off by ignition, in order to avoid the intumescence 
which would otherwise take place when the borax is melted oA 
the charcoal. This is certainly convenient, but the borax at* 
tracts moisture in process of time, at least on the sur^u^, and 
begins to puff up, although not so considerably as before. I 
alwa3rs use unmelted borax, since the intumescence causes A 
vely trifling inconvenieiice, and the method of Collecting the 
melted mass into a globule is soon learned. 

Borax is used for the decomposition of a great number of 
substances. The substance intended for examination, is to be 
placed, in powder or in fragmentsy accc»ding to eircumstanceSi 
upon the swollen mass, or moistened and made to adhere to 
the borax bead. In general, it is best first to attempt to decom* 
pose a small fragment of the mineral, since if it be used in ^e 
f(Nrm of a powder, the undecomposed particles are with diffi- 
culty distinguished from the already separated elements. Thd 
following circumstances are to be attended to; whether the 
substance is easily or slowly dissolved, with or without effer* 
▼eaeence ; Whether the bead has acquired a ec^r, and whether 
this color remains the same in the oxidating and reducing 
flames ; whether the color is heightened or diminished during 
the process of cooling ; and, finally, whether the bead remains 
transparent afler cooling, or becomes opaque. 

Celrtain substances have die property oi giving a clear gli^ 
4 
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with borax, which remains transparent on cooling ; but if the 
bead be gently heated in the outer flame, especially if it be 
exposed to a fluttering external flame, it loses its transparency, 
becomes milk-white, and, in certain cases, acquires a color. 
This is the case, for instance, with the alkaline earths, with 
yttria, glucina, zirconia, the oxides of cerium, of tantalium, of 
titanium, &;c. For this operation, it is necessary that the glass 
be saturated to a certain point with the earth or the oxide. It 
is not the case with silica, alumina, the oxides of iron, of man- 
ganese, &c. ; and the presence of silica prevents this appear- 
ance from occurring in those earths which alone would show 
it, so that their silicates either do not give this result at all, or 
ooly after the glass is super-saturated by them. To avoid cir- 
cumlocution, I shall describe this operaticHi by saying, that the 
bead can be rendered opaque by fiamingy or by the intermittent 
flame. 

The use of borax is founded on the readiness with which 
the elements of this salt form acid and basic combinations, 
which are all, to a certain degree, fusible. For this reascm, it 
decomposes bases and produces with them fusible double salts ; 
and also with the acids, among which I reckon silica, and to a 
certain extent alumina, it forms acid double salts. Since all 
these salts generally retain their transparency on cooling, the 
color which is produced by the combination with the decom- - 
posed substances is the more accurately observed. 

3. Salt of phosphorus. This salt is obtained by dissolving 
16 parts of sal ammoniac in a very small quantity of boiling 
water, and adding 100 parts of crystallized phosphate of soda, 
which must be dissolved together over the fire ; the solution is 
then filtered hot, and allowed to cool slowly, during which op- 
eration the double salt forms in crystals. The mother water 
contains common salt and a certain quantity of the double salt. 
It does not, however, answer to evaporate again, since the 
common salt crystallizes with the double salt, which, besides, 
becomes acid during the evaporation, so that ammonia must be 
added in order to obtain crystals. If the salt of phosphorus 
be impure, it gives a glass which becomes more or less opaque 
on cooling. It must in this case be redissolved, ammonia add- 
ed, and the double salt recrystallized. 

This salt is kept in large grains or in powder. The crystals 
are oflen of the proper size for keeping; Put upon the char* 
coal and submitted to the action of the flame, it boils, pufis up 
a little, and gives off ammonia ; phosphate of soda remains 
behind, which quickly liquefies, and on cooling becomes a clear, 
colorless bead. Its efficiency as a reagent depends principally 
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0& its free phosphoric acid, and it is preferred to thb, because 
the phosphoric acid cannot be kept without deliquescing, while 
at the same time it is much dearer, and is also easily absorbed 
by the charcoal. The salt of phosphorus shows therefore the 
action of an acid upcm the substance to be tested. The excess 
of acid takes up all the bases, and forms with them nwre or less 
fusible double salts, whose color and degree of transparency 
must be observed. This flux is especially adapted for detect- 
ing the metallic oxides, of which the peculiar color is generally 
far better determined by its aid, ^n when borax is used. 

This flux decomposes the combinations of the salts, and ex- 
pels the acids ; the volatile substances are driven off in fumes, 
while the fixed remain behind, and either share the bases with 
the phosphoric acid, or are separated and swim undissolved in 
the glass. For this reason, the salt of phosphorus is an excel- 
lent reagent for the silicates, from which the silica is separated, 
and remains as a gelatinous mass undissolved in the melted 
flux. 

4. Saltpetre, Long and delicate crystals are to be selected 
and preserved entire. The use of this reagent is very limited, 
and its object is to oxidize such assays as cannot be oxidized 
by the external flame. This is performed by touching the 
melted flux with the extremity of the crystal of saltpetre ; since, 
however, the bead would get cold before the crystal could be 
taken up, it must be held ready between the third and fourth 
fingers of the right hand, while blowing. At the moment that 
the blast is suspended, the saltpetre is approached to the bead, 
and held for a moment against it. The melted mass swells, 
foams, and either becomes immediately colored, or it does not 
become colored till after cooling. It is best not to continue 
blowing, since the reaction is best observed in this frothy state 
of the flux. 

This reaction is hardly made use of, except to detect so 
small quantities of manganese that the bead would not be 
colored without the action of the saltpetre ; but as we possess 
a better test for this substance, this reagent can be tolerably 
well dispensed with. 

5. Gldss of horax^ is to be kept as a coarse powder. Its 
use is limited, but it is indispensable in detecting phosphoric 
acid in minerals, in the way which will be described in the ac- 
count of the reaction of the salts of the phosphates. 

6. Bisulphaie of potash^f in the anhydrous state. It is to be 
kept in the form of a coarse powder, in a phial well secured 
from moisture. It is only used in the detection of lithia, bo- 
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lacic acid, and bromine, in the'way which will be described 
fturther on. 

Y. Ctypsum^ and 

6. Fluor spar J both, free from water, are used mutually to 
detect each other. They are, on this account, of great value 
to the mineralogical chemist. If a small fhigment of gypsum 
be placed touching a still smaller fragment of fluor ^ar, and 
if they be heated together, they begin to melt at the points 
where they touch each other, gradually become absorbed into 
each other, and easily melt to a clear, colorless glass bead, 
which cools into a milk-white enamel. In this way the two 
substances are used reciprocally to detect each other. This 
fosed combination seems to be a double salt of the sulphate of 
lime and the fluor spar; and since it is always necessary, in 
order to obtain a clear bead, to take a larger volume of gyp* 
sum than of fluor spar, it appears probable that the double ssdt 
is composed of one atom of each. If a considerable proper* 
tion more of one than of the other be taken, the fusion is in* 
complete. If the fused mass be heated strongly for some 
time, or if it be melted in the reducing flame, it fixes, swells 
up, becomes angular, and cannot be again melted. The reason 
of this seems to be, that the sulphuric acid is decomposed, sul* 
phurous acid formed, and the double salt destroyed. In the 
same way, sulphate of baiyta and sulphate of strontian may 
be fused with fluor spar, and fluoride of barium and fluoride of 
strontium with gypsum. 

9. Nitrate of oobdlt, dissolved in water. This solution must 
be quite pure, free from alkali, and slightly concentrated. I 
keep it in^a small phial, made of glass tube, which is figured 
in PI. II. Fig. 29, and which, to be better protected, is inserted 
in the cylinder used for boring cavities in the charcoal, after 
lining it with a piece of cloth, so that the glass may not touch 
the metal, and that the phial may fit periectly. it is closed 
with a cork, into which a bit of platina wire is inserted, the 
end of which is hammered out into a sort of small spoon, so 
that a drop of the liquid may be taken out upon it 

The object of this reagent is to distinguish alumina and 
magnesia from each other. The first named of these substan- 
ces gives a fine blue color on being strongly heated with the 
oxide of cobalt, and the latter a pale rose-red. Silica does not 
prevent this reaction JfVom taking place. This operation is per- 
formed in two ways. 

a. A fragment of the unpulverized assay is used in case it 
will absorb the cobalt solution, when a drop of the latter is to be 
put upon the former, and the whole is strongly heated, but not 
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fused. In a short time the assay acquires a color. If blue, 
more or less clear, it indicates the presence of alumina ; if, on 
the other hcuid, it be red, or pale rose color, it indicates the 
presence of magnesia. In the latter case an attempt must be 
made to melt the assay, since the red color is retained and ren-* 
dered more apparent by fusion. The alumina retains its blue 
color on being fused, but minerals which contain lime or an 
alkali without alumina, and which before fusion do not show, 
this blue color, after fusion give a blue glass with the nitrate of 
cobalt. 

b. If the substance be harder, a crystallized mineral, for in- 
rtance, the following course must be adopted. The mineral is 
to be finely pulverized with water, in the small mortar, and 
the pestle is then to be lifted directly out of the mixture, so 
that a drop remains adhering to it, which drop contains the 
finest portion of the substance. This drop is to be placed 
upon the charcoal, which absorbs the water, and leaves a half 
dry mass spread out upon its surface. A drop of the cobalt 
solution is to be added, and the whole heated, first by the 
spirit-lamp, and then with the blowpipe flame, to ignition. No 
regard need be paid to the changes of color, from blue to red, 
which take place before the matter is decomposed, and which 
end in a dark color. It is only after a still stronger heat has 
been applied, that the desired reaction makes its appearance. 
When it is seen that the mass begins to separate itself from 
the charcoal, it can be carefully taken in the platina forceps, 
and be thus more easily brought to the proper temperature. 

The color of the assay can only be properly judged, after it 
is perfectly cool, and by daylight. By the light of a candle 
the clearest blue appears often of a dirty violet color. 

How much of the cobalt solution may be necessary, de- 
pends on its degree of concentration. This is easily learned 
by experience. The presence of the metallic oxides in the 
assay destroys the action of this reagent. Traces of saltpetre 
also change the nature of the reaction, so that it gives a blue 
color with substances with which it odierwise would not, e. g. 
with silica and zirconia.* 

* This reactioa was discovered bj Ghifan, lonff before the cobalt blue color 
of the arseniate and phosphate ot cobalt with alamina was discovered by 
Th6nard. This led Gahn to the discovery of the same blue color, which he 
prepared from the alumina precipitated from alum and free from iron, to which 
he added a concentrated solution of the oxide of cobalt in nitric acid, on 
which the whole was dried and strongly ignited ; but as Gkihn found that this 
beautiful blue color was disagreeable to the eye by candle-light, he thought 
that it could not be used^ and that it was not worth description. He hit upon 
the use of this reagent m the course of a series of experiments, which be 

4* 
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Oxalate of eohaU can also be used for this purpose. It is 
more easily kept and carried about, as it is in the form of a 
dry powder. The mineral is to be pulverized exceedingly 
fine, and mixed with a gmdually increasing quantity of oxalate 
of cobalt, while, after each additi<m of the latter substance, a 
portion c^ the assay must be submitted to the action of tiie 
flame. In this way the proper proportion of the salt of cobah 
for producing the blue color is hit upon. It is necessary to 
heat the assay with the oxide of cobalt for some time. 

10. Nitrate of nickel^ or oxalate of nickel. I prefer the lat<« 
ter, .ince it can he most easily carried about in the form of a 
powder. The nitrate, however, when dissolved, can be more 
eonveniently used. It is iised to detect potash, according to 
the observation of Lampadivs, that a soda glass is colored 
brown by the oxide of nickel, while the potash glass, on the 
other hand, acquires the bluish-purple color of the solution of 
the oxide of nickel in ammonia. The oxide of nickel must 
be quite free from cobalt ; it is to be tested by treating it with 
borax, with which it should give a brown and not a blue bead. 

11. Tin. For this purpose tin foil is to be preferred, either 
out into small strips, or, still better, into long pieces half an 
inch in width, which can be rolled together. The object of the 
tin is to produce the highest degree of reductipn in the glass 
fluxes, especially when the substance contains a minute quan* 
tity of a metallic oxide, which ean be reduced to a protoxide, 
and thus give a more satisfactory result. The bead, previously 
heated in the reducing flame, is to be touched with the end of 
the tin foil, which operation leaves a particle of melted tin 
upcm the flux, which is in an instant rased by the reducing 
flame. It is not necessary to blow for a long time, since the 
tin might entirely precipitate the metal to be reduced to the 
state of protoxide, in which case all reaction ceases. The tin 
may also be dissolved in so large a proportion in the salt of 
phosphorus, as to render the bead opaque. 

12. Iron^ in the form of piano wire of No. 6, 7, or 8. 
Bebgman and Gahn used iron to precipitate metals from the 
diflerent fluxes, or to separate them from sulphur, or from the 
fixed acids. The metals which can be separated and detected 
in this manner,' are copper, lead, nickel, and antimony. For 
this purpose, a bit of the wire is to be inserted into the fVised 
assay, and the blowing continued, on which the iron becomes 

oarried on ia order to determine what changes mineral auhstances nndercro, 
when dried and heated with metallic aolutioas. Of all the snbstances whiok 
bo trio4» cobalt waa the only <mio which gave a uaeful waolt. 
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eoated with the fe^ueed metal, and which often coHeots in the 
form of small globules on the edge of the fhix. bon has ae« 
quired, however, a still more important application, which i« 
founded on the property it possesses of reducing the phosphoi*^ 
ric acid of the phosphates to phosphorus, and forming pnos- 
phuret of iron, which fuses in the flux to a white, brittle and 
metallic globule. I i^U describe, fhrther on, in what manner 
the opemtion is to be performed. 

13. JLeod, free from other metals, especially silver, for cu- 
pellation. 

14. fione (tskes^ are used in the; oupellatioQ of metals con- 
taining gold or silver, or their ores. Gahn used small cupels, 
of one-fourth of an inch in diameter, which, laid one against 
another, could be kept in a cylindrical case. I have concluded 
that it is best to prepare them in the following manner. The 
bone ashes are to be kept finely powdered, or, still better, levi- 
gated, in the box with the other reagents. When wanted for 
use, they are to be taken out on the point of the knife moistened 
in the mouth, and mixed with a small quantity of soda, in the 
left hand, to a stiff paste. A hole is then to be made^in the 
charcoal, which is to be filled with this paste, and the surface 
smoothed by pressing it with the agate pestle. It is then to be 
slowly heated by the flame of the blowpipe, or, still better, by 
the spirit-lamp, till perfectly dry. The soda serves to make 
the mass coherent, but it can be dispensed with. The lead, 
melted with the assay, is then to be laid upon this small cupel 
and heated in the exterior flame, till the precious metal remains 
alone upon the cupel. This test is so sensitive, that a globule 
of silver may always be obtained from the lead of commerce, 
which can be seen without a magnifying glass. I have even 
been able to take hold of them and hammer them out. 

I have seen pipe-stems used for the same purpose, the cu- 
pellation being performed upon a cross section of the same ; 
but these do not absorb a sufficient quantity of the oxide of 
lead, and allow of the cupellation of only a very small quanti- 
ty at once, so that the grain of silver is smaller in proportion. 
I endeavored for some time to use burnt cylindrical bones for 
this purpose. I performed the cupellation on a part near the 
end, ana at each operation I removed the part already saturate 
ed with the oxide of lead. But the fragility of the burnt bone^ 
is so great, that the former method is far preferable. 

15. Silidc add^ as obtained from the operations of chemi* 
cal analysis, or finely pulverized rock qrystal. It is used to 
form with soda an easily fusible glass, to test the presence of 
sulphur or sulphuric acid, in case the assay does not contain 
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silicic acid, with which the soda can form a glass. I sometimes 
use glass instead of silica, but this mixes less readily than the 
piiie silica with the soda, when they are fused together. See 
the article on the sulphates. 

16. Oxide of topper^ is used for detecting chlorine. 

17. Ttst-'paper^ colored with litmus, Brazil-wood, and tur* 
meric, cut in small strips, and preserved, according to circum- 
stances, in round or flat boxes. 

18. A piece of silver foil^ for the reaction of hepar or 
soluble sulphurets. 

19. Formate of soda^ anhydrous, is used for detecting arse- 
nic in the oxide of antimony. 



Vffl. GENERAL RULES FOR BLOWPIPE TESTING. 

It oflen happens, in the course of the operation, that the as- 
say, with which one has been for some time occupied, loosens 
itself from its support, and is blown away by the current of 
air. To recover the fallen substance, Gahn placed his blow- 
pipe lamp in a large tray of sheet iron, with edges turned up 
about one inch, and covered the bottom with thick paper. The 
advantage of this arrangement is, that the substance, when it 
falls, is caught by the tray, cuid is easily seen upon the white 
paper. If the iron be tinned and the bead red hot, it may ea- 
sily melt a portion of the tin, by which, changes in the nature 
of the results might be produced, on which the opemtor did 
not calculate. In travelling, shallow plates of porcelain or 
crockery ware can be used, or a sheet of paper, with turned- 
up edges, can be used in their place. Between the several 
operations the paper must be brushed, that no beads may re- 
main lying upon it to produce confusion. 

In regard to the size of the assay, the general rule is, that it 
is large enough, provided the nature of the result which is ex- 
pected can be distinctly seen, and that the operator is more 
likely to fail by using too large, than too small an assay. Von 
Engestrom prescribed a fragment one-eighth of an inch square. 
This would perhaps do for operations made with the glass- 
blower^s lamp, but it is far too large for use with the mouth- 
blowpipe. Bergman recommended the assay to be of the size 
of a pepper-corn, but added that very small quantities must 
often be operated on. A piece as large as a pepper-corn, is, in 



pifiiiy <2aaes, o^ve thfMti enough for all the resesjrohee vfalob 
wee to be made oq a pubstaoce, fmd mvely caa ao large a maat 
be pFoperiy treated m the blowpipe flame. It ia ev^n mueli 
top large for the glass of the flux. A piece of the sdae of a 
eommoB iiiustard*«eed is oAea quito sufficient* HoweYerv 
experiejoee soon teaehes what is the most coAYenient sisae, 
especially if one attempts an operatioa on a small quantity^ 
which he has been unable to succeed in when employing a 
larger fragment ; and, in general, it may be remarked, thatt 
if the result be obtained with a large assay, the operation 
l^uires a longer time, and more exertion in blowing, while 
the degree of Aisibility, and the color, are as well seen in the 
smaller assay as in the larger. The only case in which adf 
vantage may be derived from the use of a large assay, is 
where a metal is to be reduced by soda, or by cupellation, 
where naturally a larger quantity of the metal is obtained, 
which can theii be more easily tested and examined. 

Before the assay is exposed to the action of the fluxes, it ia 
necessary to examipe its behavior alone before the blowpipe. 
This operation .is thus performed : a. the assay is heated in a 
glass tube over the spirit-lamp, to see if it decrepitates or gives 
off water or other volatile matter ; b. it is to be gently heate4 
upon the charcoal by the blowpipe flame, and then held to the 
nose the moment it is withdrawn from the fire, by which 
means the presence of the volatile acids, arsenic, selenium, 
and sulphur is detected ; the diflerence of smell in the reducing 
ftnd oxidating flames must be also taken into account, since 
sulphur and selenium are best detected by the oxidating, 
arsenic by the reducing flame ; c. its fusibility is examined. 
If it be a substance of which only round grains are to be had, 
it is best to lay it upon the charcoal, although it may^ be easily 
driven away by a strong blast, particularly if infusible. If; 
however, the fragment for examination can be selected, a quite 
thin splinter must be broken off with the hammer iVom the 
edge of the specimen, and held in the platina points of the 
forceps, with the shaf|>est end exposed to the flame. It is then 
easily determined whether it be fusible or not. The infusible 
substances retain their edges unaltered, and, with the magnify- 
ing'^glass, the question is settled in a moment. The diflioultly 
fusible become rounded on the edges, while th^ easily fusible 
melt together into a globule. Very difiicultly fusible minerals 
I generally pulverize with water, and let fsill a drop of the 
mixture upon the charcoal, exactly as in the operation with the 
nitrate of cobalt, when the mass is dried and heated in the 
enter flame till it separates from the coal. ' It fo|ms then a 
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Mcic acid, and bromine, in the'vay which will be described 
lavther on. 

f. Chfpsum^ and 

6. Fluor spar^ both, free from water, are used mutually to 
detect each other. They are, on this account, of great value 
to the mineralogical chemist If a small fVagment of gypsum 
be placed touching a still smaller fragment of fluor ^ar, and 
if they be heated together, they begin to melt at the points 
ll^here they touch each other, gradually become absorbed into 
each other, and easily melt to a clear, colorless glass bead, 
which cools into a milk-white enamel. In this way the two 
substances are used reciprocally to detect each other. This 
faaed combination seems to be a double salt of the sulphate of 
lime and the fluor spar; and since it is always necessary, in 
order to obtain a clear bead, to take a larger volume of gyp<r 
sum than of fluor spar, it appears probable that the double salt 
is composed of one atom of each. If a considerable proper* 
tion more of one than of the other be taken, the fusion is in* 
complete. If the fused mass be heated strongly for some 
time, or if it be melted in the reducing fkme, it fixes, swells 
up, becomes angular, and cannot be again melted. The reason 
of this seems to be, that the sulphuric acid is decomposed, sul* 
phurous acid formed, and the double salt destroyed. In the 
same way, sulphate of baiyta and sulphate of strontian may 
be fused with fluor spar, and fluoride of barium and fluoride of 
strontium with gypsum. 

9. Nitrate of cobalt^ dissolved in water. Thip solution must 
be quite pure, free from alkali, and slightly concentrated, i 
keep it in a small phial, made of glass tube, which is figured 
in PL II. Fig. 29, and which, to be better protected, is inserted 
in the cylinder used for boring cavities in the charcoal, after 
lining it with a piece of cloth, so that the glass may not touch 
the metal, and that the phial may Hi perfectly. It is closed 
with a cork, into which a bit of platina wire is inserted, the 
end of which is hammered out into a sort of small spoon, so 
that a drop of the liquid may be taken out upon it. 

The object of this reagent is to distinguish alumina and 
magnesia from each other. The first named of these substan- 
ces gives a fine blue color on being strongly heated with the 
oxide of cobalt, and the latter a pale rose-red. Silica does not 
prevent this reaction ftom taking place. This operation is per- 
formed in two ways. 

a. A fragment of the unpulverized assay is used in case it 
will absorb the cobalt solution, when a drop of the latter is to be 
put upon the former, and the whole is strongly heated, but not 
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fused. In a short time the assay acquires a color. If blue, 
more or less clear, it indicates the presence of alumina ; if, on 
the other hand, it be red, or pale rose color, it indicates the 
presence of magnesia. In the latter case an attempt must be 
made to melt the assay, since the red color is retained and ren* 
dered more apparent by fusion. The alumina retains its blue 
color on being fused, but minerals which contain lime or an 
alkali without alumina, and which before fusion do not show , 
this blue color, after fusion give a blue glass with the nitrate of 
cobalt. 

b. If the substance be harder, a crystallized mineral, for in- 
stance, the following course must be adopted. The mineral is 
to be finely pulverized with water, in the small mortar, and 
the pestle is then to be lifted directly out of the mixture, so 
that a drop remains adhering to it, which drop contains the 
finest portion of the substance. This drop is to be placed 
upon the charcoal, which absorbs the water, and leaves a half 
dry mass spread out upon its surface. A drop of the cobalt 
solution is to be added, and the whole heated, first by the 
spirit-lamp, and then with the blowpipe flame, to ignition. No 
regard need be paid to the changes of color, from blue to red, 
which take place before the matter is decomposed, and which 
end in a dark color. It is only after a still stronger heat has 
been applied, that the desired reaction makes its appearance. 
When it is seen that the mass begins to separate itself from 
the charcoal, it can be carefully taken in the platina forceps, 
and be thus more easily brought to the proper temperature. 

The color of the assay can only be properly judged, after it 
is perfectly cool, and by daylight. By the light of a candle 
the clearest blue appears often of a dirty violet color. 

How much of the cobalt solution may be necessary, de- 
pends on its degree of concentration. This is easily learned 
by experience. The presence of the metallic oxides in the 
assay destroys the action of this reagent. Traces of saltpetre 
also change the nature of the reaction, so that it gives a blue 
color with substances with which it otherwise would not, e. g. 
with silica and zirccmia.* 

* This reaction was discovered by Ghihn, loncf before the cobalt blue color 
of the arseniate and phosphate or cobalt with alamina was discovered by 
Thdnard. This led Gaha to the discovery of the same blue color, which he 
prepared from the alumina precipitated from alum and free from iron, to which 
ne added a concentrated solution of the oxide of cobalt in nitric acid, on 
which the whole was dried and strongly ignited ; but as Gahn found that this 
beautiful blue color was disagreeable to the eye by candle-light, he thought 
that it could not be used^ and that it was not worth description. He hit upon 
the use of this reagent m the course of a series of experiments, which he 

4* 
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coherent disk, which is to be taken carefully with the platina 
tongs, and heated on the extreme edges, with the strongest 
flame which can be produced. The edges of the infusible 
minerals are generally bent together a little, a proof that the 
substance is not absolutely infusible ; but the magnifying-glass 
^ows at once whether the assay be vitrified or not. Dry, 
pulverulent substances are to be made into a paste, and spread 
out upon the coal with the point of the knife, and the blowing 
proceeded with as before. 

I am convinced that the temperature produced by the blow- 
pipe, fed by air from the lungs, has a distinctly defined limit ; 
so that, for instance, alumina or silica cannot be melted, how- 
ever small fragments of them may be employed ; and that the 
observations with regard to the fusibility or infusibility of dif- 
ferent substances do not depend so much on the size of the 
assay and the skill of the operator as has been generally sup- 
posed. For this reason, the mouth-blowpipe has a decided 
advantage over the blowpipe in which oxygen gas is used. 

H. D£ Sattssttre performed a set of experiments to deter- 
mine the relative degrees of fusibility of dif!erent minerals ; 
and he reckoned the temperature, at which they melt, in de- 
grees of Wedgewood's pyrometer, according to the diameter of 
die largest assay which he was able to melt, compared with 
the diameter of the largest globule of silver melted- in the 
same way, of which the degree of fusibility was previously 
determined. These experiments are of considerable value, 
but cannot properly be used as a means of discriminating 
minerals, and the results could be but approximations. I there- 
fore pass them by. 

Certain bodies, especially minerals, change their appearance 
and form considerably in the blowpipe flame, without melting ; 
some puff up like borax, others form cauliflower-like excres- 
cences ; and, of these, a part melt, afler swelling out, and 
others remain in that state without being fused. Some foam 
and melt, and form a blebby glass, which is rendered more 
or less opaque from the numerous bubbles which it contains, 
although the mass of glass is itself transparent. 

This puffing up and foaming takes place, in most minerals, 
at the temperature at which all the water is driven off. The 
cauliflower-lik^ ramifications seem to be caused by a change 
in the relative position of the elements, produced by the heat ; 
but the intumescence, which takes place in the fused mineral, 
seems to be caused by the escape of a gaseous constituent 
of the assay, although it oflen takes place in substances in 
which analysis shows no trace of such an element It often 
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takes place in silicates of lime, or of an alkali with alumina. 
It sometimes disappears for an instant, but soon commences 
again,- and continues so long as the assay is kept at the melting 
point. In this last case, the reason seems to be, that the assay 
takes carbonic acid gas from the flame, which, by contact wim 
the coal, is reduced to carbonic oxide, and escapes in bubbles. 
The cause of these peculiar phenomena deserves to be more 
fully investigated, since the knowledge of these substances 
cannot be considered perfect so long as this is not understood. 
In the mean time, this reaction serves to distinguish substances 
which resemble each other. 

In using the fluxes, the blast must not be too soon suspended ; 
that which first seems insoluble, is often by degrees taken up, 
and, after some time, fully dissolved. Furthermore, the flux 
must be added in small quantities, and this operation must be 
repeated til] the exact point of saturation is reached. When 
the fluxes are operated with in the reducing flame, it often 
happens that the bead becomes oxidized in the short space 
of time required for it to cool, which renders the operation 
uncertain. In this case, the coal must be turned over, and the 
still liquid globule be allowed to fall upon a cold body, as, for 
instance, the tray ; or, if that does not answer, a drop of oil 
can be put upon it, by which it is cooled, though it oflen 
happens that the oil is carbonized and the glass rendered 
opaque, which must, if possible, be avoided. 

When the color of a flux is so deep that it appears black, 
it is customary to hold the bead against the flame of the lamp, 
in such a direction that its image appears inverted in the bead 
with the color of the glass. The bead also may be pressed 
flat with the smooth surface of the forceps before it hardens ; 
or, if that is not sufficient, the bead must be drawn out to so 
fine a thread, at the moment of its cooling, that its color can 
be recognized. 

Furthermore, substances treated in the outer and inner 
flame, as well as when fused alone and with the fluxes, offer a 
variety of appearances which deserve notice, and which must 
all be taken into consideration, in summing up the result of 
each experiment. Attention must be given to the most trifling 
circumstances, since such may lead to unexpected results. 
Furthermore, the conclusions which can be obtained in regard 
to entirely unknown substances, investigated by the aid of the 
blowpipe, depend entirely on a general knowledge of chemistry, 
and especially on an accurate acquaintance with the phenomena 
of the blowpipe, and also upon the personal skill of the oh- 
server in recognizing the most characteristic reaction, and in 
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H^owihg it up ; no general rule can be given in regard to thiii 
sttbgect When in die course of investigaticoi with the blow-^ 
pipe, the results are to be described either for the benefit of 
mie^s self) or of others, two series of observations must be 
ttiade and separately described ; since in such cases it may 
often happen^ that that which escaped notice the fiist time may 
be evident upon a second examination. It is still better, how- 
ever, that two persons should each go through the same series 
of experiments, and draw up their results for comparison ; if 
they agree, it may, with reason, be concluded, that they are 
correct ; in the contrary case, the cause of the disagreement 
must be studied out Here difficulties often are occasioned by 
the difierent manner in which different observers see and de- 
scribe colors. Thi:»^ for instance, Gahn sometimes called a 
shade of color, yellow or dark yellow, which I should have 
called red, although we both agreed in naming the fundamental 
colors yellow or red* 



K. BEHAVIOR OF SUBSTANCES BEI^OKE THE 

BLOWPIPE. 

It cannot here be a question with regard to the simple, noil- 
metallic bodies. They are in this state easily recognized, and 
the knowledge of their properties must be taken for granted in 
those who are occupied in such researches. Neither are the 
oxides and acids properly objects of investigation before the 
blowpipe, unless in combination with other oxidized bodies, 
and they will, therefore, be treated of in the description o^ the 
salts farther on. 

I will, therefore, commence with the metals propier, and 
especially their oxides, among which I reckon the alkalies and 
earths, and I will give the results of my experience in the de- 
termination of them. 

A« ALKALIES, BARTHS AND METALLIC OXIDEd. 

1. Alkalies. 

The alkalies c^nhot be recognized with perfect certainty by did 
action of the MoWpipe. In their free or carbonated state, their 
taste, and their adtion oa reddened litmus paper^ is the best t6M 
for them. As salts, fhey are best detected by fusion with isoda on 
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the platina foil ; if no precipitation takes place in the fused 
mass, the basis of the salt is an alkali. 

Baryta and strontian give a clear bead, but if the melted 
mass be dissolved in water, they are easily detected, since the 
carbonates of these earths remain behind undissolved. 

To distinguish the alkalies from each other, the point of the 
blowpipe flame must be observed. This flame ends in a 
pointed, feebly illuminating edge, which is often colored by 
various volatile substances. If, for instance, carbonate or nitrate 
of potash be melted into a bead on the platina wire, the flame 
is tinged with violet behind the bead. With a soda salt, it is 
yellow, with a lithia salt, red. This reaction can, however, be 
rarely used for the detection of potash, since a minute proportion 
of soda tinges the flame yellow, and entirely destroys the pecu- 
liar action of the potash on the color of the flame. When, for 
instance, saltpetre contains only one per cent, of soda, the flame 
acquires a yellow color, and, in nature, potash seldom occurs 
without a mixture of soda. 

Hareort used, for the detection of potash, the observation 
of Lampadius, that potash glass is colored blue by the oxide of 
nickel ; soda glass, on the contrary, brown. This is, to a sur- 
prising extent, true. Nothing more is necessary than simply 
to dissolve the oxide of nickel in borax, and to add to the 
brown glass a very minute quantity of saltpetre, felspar, or any 
oth^r substance containing potash, when a blue glass is ob- 
tained. The presence of soda does not impede this reaction. 
To produce this blue color, care must be taken that no more 
oxide of nickel be dissolved in the borax than the potash is 
capable of saturating ; for an excess brings out the brown color 
of the soda, by which the weaker blue is overpowered. The 
operation succeeds best when the color of the borax glass is 
very faint. More and more of the assay is to be added, and if 
it contains potash, a blue bead will at length be obtained. 

The yellow color which soda imparts to the blowpipe flame, 
although always well marked and evident, is not to be trusted 
to as a means of detecting this alkali, since it may be produced 
by a variety of causes. 

Lithia is distinguished from the foregoing, in that when it is 
melted upon platina foil, this alkali leaves a yellow stain around 
the spot which it covered ; this reaction is not produced by lithia 
salts, unless soda be added, which separates the lithia, which 
then acts upon the platina. This reaction is not to be depended 
upon as a test for lithia, since, although it takes place most 
decidedly when a salt of lithia is present, it is also produced by 
substances which do not contain lithia, when they are heated 

5 
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with soda, and even the soda itself sometimes leaves a trace 
upon the platina. This is not the case with potash, which, on 
the contrary, has the disadvantage, that, added in excess, it 
destroys the recu^tion even if lithia be present This spot upoBi 
the platina disappears if washed and ignited ; but the metal 
loses its polish and becomes dull, which can easily be seen 
when the platina is heated. 

Chb. G. Gmelin noticed that lithia imparted a red color to 
the point of the blowpipe flame, if directed upon that alkali. 
Turner showed that this reaction can be produced in the sili- 
cates containing lithia, if 1 part of finely pulverized fluor-spar 
be mixed with 1^ parts of sulphate of ammonia, or bisulphate of 
potash, and the substance be melted with it. When the am- 
moniacal salt is used, the flame is at flrst green and then red. 
If a potash salt be used, and the assay contains no lithia, the 
flame is of a faint violet color ; if, on the contrary, it does con- 
tain lithia, the flame is red. 

Ammonia is seldom tested for by the blowpipe. The sub- 
stance needs only to be mixed with soda, when the peculiar 
smell detects the ammonia at once, or the mixture can be 
waarmed in a small matrass, when carbonate of ammonia sub- 
limes. The assay can also be heated in a closed tube, in 
which a moistened piece of weakly reddened litmus paper is 
placed. 

2. Baryta. 

Alone^ it does not fuse, unless it has absorbed water which 
was formed by the flame. The hydrate melts, boils and swells, 
and ends by congealing on the surface and sinking into the 
charcoal, where it becomes anhydrous, and forms a hardened 
mass. Carbonate of baryta., melts readily into a transparent 
glass, which becomes enamel-white on cooling. On charcoal, 
it boils violently, spirts about, becomes caustic, and is absorbed 
by the charcoal, like the hydrate. With the following fluxes 
they both react in the same manner as the pure earth. 

Barjrta is dissolved by borax into a transparent glsusus. An 
addition of a larger quantity gives a transparent glass, which 
on cooling becomes covered near its base by warty excres- 
cences of a milk-white substance. A still larger quantity pro- 
duces a glass, milk-white at the base, which becomes Anally 
enamel-white throughout. The glass, which is transparent on 
<iooling, can be rendered opaque by flaming. 

It is easily dissolved with efiervescence by the salt of phoS" 
piorus^ in which operation the bead foams, swells, and Anally 
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dhrinkd together into a transparent glass. On the addition of a 
larger quantity of baryta, a transparent glass is obtained, 
which, on cooling, becomes spotted with milky-white, and if 
still more be added, the bead on cooling becomes enamel- white. 
It melts with soduy and is absorbed by the charcoal. 

With nitrate of cobalt it melts to a bead, whichi as long as it 
is still hot, is, according to the quantity of cobalt, brownish-red, 
brick-red, or rusty-yellow ; on cooling, it loses its color. On 
being again heated, the color is not restored, unless the bead 
be again melted. It is soon reduced to a light grey powder on 
exposure to the air. 

3. Stbontian. 

Alone ^ the hydrate behaves like that of baryta. The carho- 
note of strontian melts, however, at a certain, not too elevated, 
temperature, but only on the edges, and begins immediately to 
swell out in cauliflower-like ramifications, which emit a brilliant 
light, and which, when strongly heated in the reducing flame, 
impart to it a faint reddish tinge, which, however, is hardly to 
be seen by daylight. These ramifications have an alksdine 
taste and reaction. 

With horax and salt of phospkonts it behaves exactly like 
baryta. 

Caustic strontian is not dissolved by soda. Carbonate of 
strontian, mixed with an equal volume of soda, fuses into a 
transparent glass, which becomes milk-white on cooling. In a 
stronger heat, the mass begins to boil, becomes caustic, and is 
absorbed by the charcoal. A larger addition of carbonate of 
strontian is not dissolved, but is rendered caustic, and is absorbed 
by the charcoal. 

With the solution of cobalt it gives a black or greyish-black 
color, and does not fuse like baryta. 

4. Lime. 

Alone^ caustic lime undergoes no change. Carbonate of lime 
is rendered caustic, and then looks whiter, emits a more brilliant 
light, and falls to a powder when moistened. Salts of bar3rta 
and strontian sometimes contain lime« To detect this they must 
be melted on platina foil, when the lime remaining undissolved 
renders the bead opaque. Melted on charcoal wiUi a suiiicient 
quantity of soda, baryta and strontian are absorbed into the 
coal, and leave the lime as a thin coating on its surface. 
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It is easily dissolved by iorax to a clear bead, which can be 
rendered opaque by flaoung. 

The carbonate of lime is dissolved with efiervescence. An 
addition of a still larger quantity, produces a transparent glass, 
which, on cooling, crystallizes and becomes angular, although 
not so distinctly, as, for instance, the pho^hate of lead. The 
glass is never so milk-white as that of baiyta or stronttan. 

It is dissolved in large quantity by the salt of phosphorus 
(the carbonate with efiervescence) to a clear glass, which, on 
cooling, remains transparent If more carbonate be added in 
small fragments, the carbonic acid is driven ofi^ and the frag- 
ments become changed to phosphate of lime, without altering 
their form. Afler blowing for some time, this also begins to 
melt, and, on cooling, delicate acicular crystals shoot &ough 
the glass upon the undissolved portion. If the glass be fully 
saturated, it becomes, on cooling, quite milk-white. 

Lime is not particularly easily dissolved by soda^ either in 
its caustic state or as a» carbonate. The soda is absorbed by 
the charcoal, and leaves a semi-spherical mass of lime upon 
its surface. With the solution of cohaU^ lime g^ves a black or 
grey-black unmelted mass. 

5. Magnesia. 

Alone^ no change takes place. It restores the color of moist 
reddened litmus paper. 

It behaves with horax like lime, but does not become so 
strongly crystalline. 

' It is easily dissolved by the salt of phosphorus to a clear 
glass, which, if saturated with magnesia, becomes milk-white 
on cooling. The imperfectly saturated glass is rendered milk- 
white by flaming. 

It is not attacked by soda. 

With the cobalt solution it produces, after long-continued 
blowing, a beautiful rose-red color, which is not, however, in- 
tense, and which cannot be properly seen till ihe assay has 
become cool. 

6. AlumjjI^. 

AlonCy it remains unchanged. 

By hortxx it is slowly dissolved to a transparent glass, which 
does not become opaque on cooling or by flaming. If a large 
proportion of alumina in fine powder be added, an opaque glass 
is obtained, whose surface becomes crystalline on cooling, and 
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which scarcely melts again. This glass is opaque when hot or 
cold, and if the bead is transparent when melted, it remains so 
on cooling. 

By the salt of phosphorus it is dissolved into a clear bead, 
which does not become opaque at any degree of saturation. 
If too much be added, the glass loses a part of its transparency. 
Saturated Salt of phosphorus mixed with the saturated borax 
glass still remains clear.* 

With soda it swells out and forms an unmelted combinati<Hi, 
while the excess of soda is absorbed by the coal. 

With the cohalt solution^ it produces, after strong heating, a 
fine blue color, which becomes still deeper if more of the 
cobalt solution be added, but is still a fine blue. It only appears 
properly blue by daylight and when cold. 

7. Glucika. 

Alone^ it remains unchanged. 

It is dissolved in large quantity by borax and the salt of 
phosphorus into a transparent glass, which is rendered opaque 
by flaming. If a larger quantity be added, it becomes, on 
cooling, milk-white. 

It is not attacked by soda. 

With the cohaU solution^ it gives a grey or dark-grey mass. 

8. YTTftlA. 

What up to this time has been called yttria, consists, accord-, 
ing to the researches of Mosakder, of three separate earths : 
a, yttria proper, b, terbia, and c, the proto-peroxide of erbium. 
The yellow oxide of erbium becomes wlute in the reducing 
flame, and acquires a transparent yellowish appearance, with- 
out retaining so deep a yellow color after cooling as it had be- 
fore. It becomes milk-white in borax and salt of phosphorus, 
and is somewhat slowly dissolved into a colorless glass. The 
borax glass behaves as was described under glucina. Treated 
with Boda it becomes white, without dissolving. 

9^ 2lEC0KtA. 

Alone^ as prepared by the ignition of the sulphate of «ir- 
conia, it emits a more brilliant light than any other substance ; 

* The fflass whicli is rendered milk-white by flaming, also loses its tnins- 
{mrency if the bead of the salt of phospfaoras be mixed with borax. 

5* 
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the wbde room is illuminated, and so great is the power of the 
light, that the eye can scarcely endure it, even by daylight. It 
is, however, entirely infusible. Klaproth says that zirconia 
becomes sintered before the blowpipe, but in this case it could 
not have been pure. 

Its behavior with horax^ salt of phosphorus^ and soda^ is like 
that of glucina, with only this difference, that it is more slowly 
dissolved by the sah of phosphorus, and sooner gives an opaque 
bead. 

10. Thorina. 

Alone J on charcoal, this earth does not fuse, or alter its appear- 
ance in any way. 

By horax it is very slowly dissolved ; the bead is transparent 
and colorless, and is not rendered opaque by the intermittent 
flame. By saturation, it arrives, at last, at a point where it 
becomes of itself milky on cooling. 

It is very slowly taken up by the salt of phosphorus. 

It is not at all acted on by sodcu 

11. Silica. 

Ahne^ it remains unchanged.* 

By horax it is very slowly dissolved, and gives a transparent 
and difficultly fusible glass, which is not rendered opaque by 
the intermittent flame. 

It is dissolved in very small quantity by the salt of phospho- 
rus. The glass remains clear, on cooling. The undissolved 
portion is semi-transparent. 

Soda dissolves it, with effervescence, to a clear glass. With 
the solution of cohaltj it gives, at a certain degree of satura- 
tion, a bead of a faint blue color, which, on the addition of a 
larger quantity of cobalt, becomes black or dark grey, by which 
it is easily distinguished from substances containing alumina. 
If an intense flame be directed upon a thin edge of the assay, 
it melts with the cobalt to a blue glass, and the border around 

* H. DB Saussure announces, that he melted silica frock-crystal), sup- 
ported on a slip of cyanite, by means of the flame of a thick wax candle, sup- 
plied with a blast ot air from a doable bellows, having a surface of 62 square 
inches. The bead had the diameter of 0.014 of a line. I could not produce 
the smallest sign of melting, either on the coal or in the forceps, in the thinnest 
edge of a fragment of stQca,' and I suspect that in De Saussure's experiment, 
the support may have produced an effect on the assay, and that the air sup-, 
plied by the befiows, being purer than that of the lunn, may have also con- 
tributea to effect a result which cannot be obtained witu the mouth-blowpipe. 
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the melted part remains also blue, but this blue has a tinge of 
red, and is not a fine color. 

I direct the reader in regard to the action of silica, to the 
article on the silicates, farther on. 



12. The Acids of Arsenic 

Arsenic acid^ heated on charcoal, gives off the peculiar 
smell of arsenic. Strongly heated in 3ie matrass, arsenious 
acid sublimes, and oxygen is given off. 

Arsenious acid is easily sublimed in the matrass or open 
tube. The crystals, examined by the microscope, are general- 
ly regular octahedra. 

If a glass tube be drawn out, so that its diameter be not 
greater than that of a knitting-needle, and the fine tube be 
sealed at the end, and arsenious acid be introduced into this 
part of the tube, Uie arsenic can be reduced, if a small splinter 
of the charcoal be inserted into the tube till it nearly touches the 
bottom. That part of the tube in which the charcoal lies must 
be heated till the coal is ignited, which is best done by the 
flame of a spirit-lamp, and then the end of the tube, where the 
arsenic lies, must be brought into the flame, so that the acid shall 
come in contact with the ignited coal while in the gaseous state ; 
it is- then reduced, and condensed metallic arsenic is deposited 
in the forward part of the tube. It is better to make use of a 
long continuous splinter than to use powdered charcoal, since 
this is liable to fall out of the tube. If the amount of arsenic 
be trifling, the tube is only blackened at a Httle distance from' 
the spot on which the flame was directed. This part of the 
tube is then carefully to be introduced into the flame, and the 
sublimed arsenic is to be collected into a narrow ring, which 
then has a metallic lustre. The tube is then to be cut off on 
both sides of the ring, grasped with the forceps, and heated 
at a little distance from tiie nose. The arsenic can be recog- 
nized by its smell, and thus it cannot be mistaken for tellurium, 
antimony, mercury or cadmium. Few tests can be so deci- 
sive as Ihis, where so small a quantity of the metal is operated 
on. A grain of arsenious acid, if it be large enough to be re- 
moved from its place to the bottom of the tube, is sufficiently 
large to give a satisfactory result. Of course, the smaller the 
grain of arsenic, the finer the tube must be drawn out. 

In order to be convinced of the arsenical smell of the arse- 
nious acid upon the charcoal, it must be mixed with soda before 
being subjected to the blowpipe flame ; since the arsenious acid, 
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when heated alone, often volafflizes before any part of it ui j:e- 
duced, and the vapor of arsenious acid has no arsenical smell. 
See furthet on, under the head of the arsenical metals and sul- 
phuret of arsenic. 

13. Vanadic Acin. 

Alone^ on charcoal, it fuses, and is reduced to the state of 
suboxide, while a part of the acid is absorbed by the coal, and 
the reduced portion is kept upon the surface* This resembles 
in appecurance graphite. 

On platina foil it melts to a deep yellowish red liquid, and 
becomes crystalline on cooling. 

It is easily dissolved by borax and salt of phosphorus. 

The glass is yellow in the oxidating flame, but in the reduc- 
ing flame, especially on charcoal, it gives a fine green, as beau* 
tiful as that of the oxide of chrome. When the bead is strong- 
ly colored, it has, while still warm, a brown color, and the 
green color appears only after the bead has .become entirely 
cold. Vanadic acid is distinguished from the oxide of chrome, 
principally in that its glass becomes yellow on platina, in the 
oxidating flame, which is not the case with chrome. 

It is dissolved by soda^ and absorbed by the charcoal. No- 
thing metallic is obtained, in this case, by pulverizing and 
washing. 

14. MoLYBDic Acid. 

Alone^ in the inclined tube, it melts and gives off fumes. 
The fumes condense on the glass partly as a white powder and 
partly 8U3 brilliant, faint yellowish crystals, directly over the* 
fused mass. On platina foil it melts and fumes. The melted 
mass is brown, and becomes on cooling pale yellow and ciys- 
talline. In the reducing flame it is absorbed by the charcoal ; 
the metal is partially reduced if the flame be sufficiently hot, 
and can be separated afterwards by pulverizing and washing 
the charcoal. It is obtained in the form of a grey metallic 
powder. If a large quantity of the assay be treated in the re- 
ducing flame, a copper-red spot of the oxide of molybdena re- 
mains upon the charcoal, which is surrounded by a ring of 
sublimed molybdic acid. 

It is dissolved by horax^ upon the platina wire, and in the 
outer flame, to a clear, colorless glass. On charcoal, in the 
reducing flame, the color of the bead is dirty brown, and trans- 
lucent, not unlike that produced by a mixture of the protoxide 
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and peroxide of iron. If more molybdic acid be added, the 
bead loses its transparency entirely in the reducing flame, and 
a number of brown flocks of the oxide of molybdena may be 
seen in it, apparently surrounded by a transparent brownish 
glass. 

It is dissolved, by salt of phosphorus^ on the platina wire, 
and in the outer flame, to a transparent glass, which inclines to 
green as long as it remains hot, but on cooling becomes color- 
less. In the reducing flame the glass is dark and opaque, but, 
on cooling, it becomes clearly and beautifully green, almost 
like the oxide of chrome. This shade of color is obtained 
upon charcoal both in the interior and exterior flame, especially 
if the proportion of molybdic acid be large. Brown molybdic 
oxide cannot be precipitated, in the reducing flame, by the salt 
of phosphorus. Even by the aid of tin the color of the green 
reduced glass is not changed, but it can be seen that the tin 
inside of the bead swells, and becomes to a certain extent 
charged with molybdena. 

Molybdic acid fuses with soda^ on the platina wire, to a clear 
bead, which becomes milk-white on cooling. If the glass con- 
tain a small proportion of molybdic acid, and be heated in the 
reducing flame, it acquires nearly the same color as the borax 
glass, under the same circumstances, but on cooling it becomes 
clouded. If, on the contrary, it be super-saturated with molyb- 
dic acid, and subjected to a strong reducing flame, the molyb- 
dena is partially reduced to an oxide, and partly to the metallic 
state, and if the mass be dissolved in water, a greyish-brown 
heavy substance remains behind, which, when burnished, shows 
a metallic lustre, and an iron-grey color. 

Treated with soda on charcoal, the melted mass is absorbed, 
and if afterwards the mass be tested, a quantity of reduced 
molybdena is obtained, in the form of a steel-grey powder. 
When a. new portion of molybdic acid, with a small quantity 
of soda, is*laid upon the spot where the mass was absorbed, 
and submitted to a strong reducing flame, the portion last added 
is not absorbed, but a bead is obtained which consists of re- 
duced molybdena, mingled with molybdate of soda, which need 
only be dissolved to obtain the reduced metal. Molybdena, 
therefore, contrary to the common opinion, belongs to the 
easily reducible metals, although it cannot be fused. 

15. TuNGSTic Acid. 

Ahne^ it becomes black in the reducing flame, but does not 
fuse. 



^ 
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It id I'eiidily dissolved by hofax^ on the platina wire, in the 
exterior flame, to a clear and colorless glass, which is not ren- 
dered opaque by flaming. If added in larger proportion, it 
loses its transparency when subjected to the intermittent flame, 
and with a still larger proportion it becomes enamel white, on 
cooling. In the reducing flame, with a small proportion of the 
tungstic acid, the glass is yellowish, and the color deepens as it 
grows cold. If a larger proportion be added, the glass is deep 
yellow, and, on cooling, clear blood-red. On charcoal this re- 
action is produced with a trifling proportion of tungstic acid. 
If tin be added, the glass becomes, on cooling, milk-white. 

Tungstic acid is dissolved by the salt of phosphorus in the 
exterior flame into a colorless or yellowish bead. In the re- 
ducing flame the glass acquires a fine and clear blue color, 
finer even than that of cobalt. If the acid contain iron, the 
glass acquires an entirely difierent color in the reducing flame ; • 
it becomes blood-red, much like the reduced borax glass. The 
addition of tin destroys the reaction of the iron, and the glass 
acquires a green or often a blue color ; for this purpose it must 
not be too concentrated ; if it is, it can be remedied, however, 
by the addition of a still larger quantity of the flux. 

By soda^ tungstic acid is dissolved, and gives a transparent 
dark yellow glass, which, on cooling, crystallizes and becomes 
Opaque white or yellow. This glass retains its bead-like form 
upon the charcoal. It acquires a still darker color in the re- 
ducing flame, so long as it remains hot; but after cooling it 
becomes again white. * 

When tungstic acid is treated upon charcoal, with a very 
small proportion of soda, a steel-grey metallic slag is obtained. 
If this be washed in the mortar, a large quantity of metallic 
tungsten, in the form of a steel-grey powder, is obtained, which 
has a perfect metallic lustre, where it is flattened by the pestle. 
If tungstic acid be melted with such a proportion of soda that 
it shall all be absorbed into the charcoal, and then strongly 
heated, a number of small metallic particles are obtained, 
which vary in color from a gold-yellow to a pinchbeck-brown. 
This is the combination of the oxide of tungsten with soda, 
described by Wohler. 

16. Oxide of Chbome. 

Ahme^ unchanged. 

Borax dissolves it slowly, and the bead acquires a beautiful 
emerald-green color, which is particularly apparent when the 
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glass is cold. Thi3 color caa be mostly driven off on the pla- 
tina wire, in the exteinal flame. The glass becomes, in that 
case, yellowish-brown, as lojas as it remains hot ; when cool, it 
inclines to green. 

By the salt of phosphorus it is dissolved in the exterior a^ 
well as the interior flame, and ac<}uires a green color, which 
becomes very deep if a large proportion of the oxide of chrome 
be used. If more of it be added to the glass than can be dis- 
solved, and the whole be strongly heated, it acquires the pecul- 
iar property of puffing up, more or less, at the moment of 
liquefaction, and is converted into a foamy mass by some de- 
velopment of gas, which takes place at that moment If the 
glass be melted, Uie foam fuses together, but returns again on 
cooling. This happens both in the exterior and interior flame, 
on charcoal or on the platina wire. I cannot discover the 
cause. It does not take place if the glass be transparent. 

Soda dissolves the oxide of chrome in the exterior flame, 
and forms a dark brownish yellow glass, which on cooling be- 
comes opaque and yellow. In the reducing flame the glass is 
opaque, and, after cooling, green. It is absorbed by charcoal, 
but I could discover no trace of a reduced metal. 



17, Antimony and its Oxides. 

Metallic antimony is easily melted upon the charcoal. Heat- 
ed to a red heat it continues to glow for a long time without 
being further heated, and gives off dense white fumes. The 
fumes gradually crystallize and form, around the glowing me- 
tallic globule, a net- work of small crystals, which have a peaurly 
lustre, and finally completely cover it ; by lamp-light the 
globule of metal may be seen for some time, glowing within 
Sie mass by which it is entirely surrounded. This net-work 
consists of crystals of oxide of antimony, and melts if the 
flame be directed upon it. Metallic antimony, heated alone in 
the matrass, does not volatilize at the temperature at which 

Elass melts. Heated to a red heat in an open glass tube, it 
urns slowly with a white fume, which deposits on the glass, 
and shows signs of crystallization. These fumes are mere 
oxide, and can be driven from one place to another, without 
leaving a trace behind. When, however, antimony is in com- 
bination with sulphur, besides the oxide of antimony, a por- 
tion of antimonious acid is formed, which can be recognized 
by il3 remaining as a white coating on the spot from which the 
oxide has been driven by the heat. 



i 
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The oxide of antimony is easily fused, and sublimes in white 
fumes. As obtained by precipitation, washing and drying, it 
often has, before it begins to melt, the property of taking fire 
and burning like tinder ; it then becomes infusible, and is con- 
verted into antimonious acid. On charcoal it is reduced to 
metallic antimony, and tinges the flame green. 

Antimonious add does not melt, but gives out a brilliant 
light, and diminishes in size in the interior flame, during which 
the coal becomes coated with white fumes, but it is not reduced, 
like the oxide, in this manner. 

Antimonic add becomes white after the first action of the 
heat, and is converted into antimonious acid. Antimonic acid 
containing water, changes at first from white to yellow, gives 
ofl* water, and becomes again white on being ignited, .losing a 
portion of its oxygen at the same time. 

All these diflerent degrees of oxidation behave in the same 
manner with the fluxes. 

Borax dissolves antimonious acid in large quantities without 
losing its transparency. The glass gives out a yellow light 
when warm, but after cooling it is only very slightly tinged. 
When saturated, a part of the antimony begins to be volatil- 
ized in the metallic form, and covers the charcoal ; when the 
glass is strongly heated in the reducing flame it becomes 
opaque and grey from the particles of reduced metal. 

Salt of phosphorus dissolves it, and produces a clear, color- 
less glass. The bead may be tinged with a faint yellow color 
upon the platina wire, but the color soon disappears on cooling. 
If the bead contain iron, it has the same red color in the re- 
ducing flame which is produced by tungstic and titanic acids 
containing iron. Skilful blowing will reduce and volatilize 
the antimony, and cause the color to disappear. This takes 
place edso on the addition of tin. 

The oxides of antimony are dissolved by soda on the plati- 
na wire into a clear, colorless bead, which becomes white on 
cooling. On charcoal the antimony is reduced. 

For medicinal and pharmaceutical purposes, it is often ne- 
cessary to examine the oxide of antimony for arsenious acid. 
If the oxide of antimony be treated on charcoal with soda, it 
gives off the arsenical odor, even if the antimony does not con- 
contain a thousandth part of arsenic. Antimony also gives oflf 
an odor, but faint, and not resembling at all that produced by 
arsenic. When the proportion of arsenic is so small that it 
cannot be detected by the smell, it can easily be recognized by 
Gobel's method, by means of the formate of soda. The oxide 
is to be mixed with this salt, and the mixture heated in the 
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closed tube till it melts and becomes liquid. A combination of 
oxide of antimony and soda is formed, which melts, while the 
arsenic, together with a small portion of antimony, is reduced 
and sublimes. The tube must then be cut off close by the 
sublimate, so that this remains in the closed part of the tube ; 
the sublimate can then be heated over the lamp, and if arsenic 
be present its smell will be distinctly perceived. If the tube 
be cut off so* as to leave the sublimate in that part which is 
open at both ends, it bums so rapidly, on being heated, that 
its smell cannot be observed. 



18. Tellitric Acid and Tellurotts Acid, or Oxide of 

Tellurium. 

Telluric acid, gently heated in a closed tube, gives off water 
and becomes dark yellow. More strongly heated, it becomes 
milk-white, and is converted into tellurous acid. A glowing 
match, held in the tube, shows a disengagement of oxygen. 
If the tube be heated to a low red heat, the tellurous acid 
fuses to a yellow liquid, which, on congealing, becomes color- 
less, crystalline, and opaque. Small globules generally remain 
transparent. 

Aione^ on platina foil, tellurous acid fuses, and emits 
fumes ; on charcoal, it is fused and reduced with effervescence. 
The reduced metal may easily be mistaken for antimony or 
bismuth. I shall speak of the proper method of distinguishing 
these metals, under the head of bismuth. 

With borax and salt of phosphorus^ on platina wire, it gives a 
transparent, colorless glass, which is rendered grey and opaque, 
on charcoal, by particles of reduced and finely-divided metal. 

Wilh soda^ tellurous acid gives, on platina wire, a trans- 
parent, colorless glass, which becomes white on cooling. On 
charcoal, it is reduced, and forms teUuride of sodium, which 
sinks into the charcoal. If tellurous acid, soda, and finely- 
scraped charcoal be strongly heated in a closed tube, llll 
fusion, takes place, and then a few drops of boiling water be 
let fall into the tube, the water is soon tinged with a fine 
purple-red color, showing the presence of teUuride of sodium. 

19. Tantalic Acid. 

Alone^ it is unchanged. 

Borax dissolves it to a clear, colorless glass, which is ren- 
dered opaque by the intermittent flame, and which, if a still 
larger quantity be added, on cooling, becomes enamel-white. 

6 
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With saU of phosphorus^ it dissolves easily and in large 
quantity, forming a colorless bead, which remains transparent 
on cooling. 

It unites with soda with effervescence, and dissolves in small 
quantity, forming a transparent bead. A still larger addition 
does not fuse, and is not reduced. 

Since tantalic acid strongly resembles the earths proper, 
it may easily be mistaken for them in blowpipe experimenta- 
tion. Tantalic acid can, however, be distinguished by this, 
that its combination with the salt of phosphorus does not be- 
come opaque on cooling, not even if it be added in excess, 
which is the case with glucina, yttria, and zirconia. When a 
large excess of tantalic acid is added to the salt of phosphorus, 
it divides itself among the mass of the glass ; this becomes, on 
being fused, opaque, but the undissolved matter does not be- 
come milky, but semi-transparent, like silica, from which, how- 
ler, it is easily distinguished by its behavior with soda. It 
can be distinguished from alumina by its behavior with borax, 
and the solution of cobalti which does not give a blue virith the 
tantalic acid. 

20. Titanic Acid. 

Alone<t it remains unchanged. 

It is easily dissolved by lorax into a colorless glass, which, in 
the intermittent flame, becomes milk-white. If still more of the 
titanic acid be added, it becomes of itself white on cooling. If 
the glass be heated in the reducing flame, with a small quantity 
of the titanic acid it is first yellow, and afterwards, when the 
reduction is complete, the glass acquires a dark, amethystine 
color, which becomes very evident on cooling. The glass is 
transparent, and not unlike that produced by the oxide of 
mcmganese in the oxidating flame ; it is, however, somewhat 
more blueish. If more titanic acid be added, and the bead be 
treated on the charcoal with a strong reducing flame, it be- 
comes dark yellow, and assumes, on cooling, so dark a blue 
color, that it seems black and opaque. If afterwards heated 
in the intermittent flame, it becomes light blue, but opaque and 
enamel-like. The color is a more or less beautiful blue, and 
has diflTerent shades in different experiments. The cause of 
this is, that the glass contains titanic acid as well as oxide of 
titanium ; the latter renders the glass dark blue, and the former, 
which ccwatributes nothing to this color, produces the enamel- 
white color in the intermittent flame. When the white and 
the dark blue are mingled, a light blue is obtained, whose 
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shade depends entirely on the relative quantities of oxide and 
acid in the glass ; so that, when it contains only a very small 
quantity of acid, it is black, and when, on the contrary, it 
contains very little oxide, it is rendered white by the inter- 
mittent flame. 

The salt of phosphorus dissolves it, in the exterior flame, to 
a clear and colorless glass. In the reducing flame, it gives 
a glass which looks yellowish as long as it is hot; but, on 
cooling, it becomes red, and finally acquires a fine violet-blue 
color. If too much titanic acid be used, the color is so deep 
that the bead becomes opaque, but it does not become enamel- 
like. The color can be driven off in the exterior flame. The 
reduction can be better performed on charcoal than on the 
platina wire, but requires, even on the charcoal, a strong and 
continuous heat, especially when titaniferous minerals, like 
sphene, are to be examined. 

When the titanic acid contains iron, or if iron be added to 
the glass colored by titanic acid, the violet color of the oxide 
of titanium disappears, and the glass acquires, in the reducing 
flame, the same red color as from tungstic acid containing 
iron. If the quantity of these substances is very minute, the 
color is yellowish red, and does not make its appearance till 
the bead has cooled, and, in general, does not acquire its 
highest intensity till the glass is entirely cold. This reaction 
is so delicate, that, when the glass contains so little pure titanic 
acid that its presence cannot be safely inferred from its color, 
if a small quantity of iron, most conveniently in the metallic 
form, be added, the reaction is most decided. The same shade 
of color in the bead is produced in the reducing flame, by 
tungstic acid containing iron, by antimonious acid containing 
iron, and by the oxide of nickel. It is, however, easy to 
decide which of these substances it is which is contaminated 
by iron. The antimonious acid can be easily driven off, 
afler a strong heating, and the color of the iron remains. I 
have mentioned that tungstic acid containing iron gives, on the 
addition of tin, a green, or sometimes a blue, glass ; when the 
ferriferous titanium glass is treated in the same way, the color 
due to the iron disappears, and the violet color of the titanium 
again appears. For this purpose, the color of the flux must 
not be too deep. If it should be, more flux must be added. 
It oflen happens that so small a quantity of ferriferous oxide 
of titanium colors the glass, that the titaniunv contained in 
it would alone hardly produce a visible reaction ; in this case 
the tin destroys the reaction entirely, by completely removing 
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the color. Let the attempt then be made to prepare a glass of 
the salt of phosphorus, fully saturated with the substance to be 
examined, and let this be treated with the tin, by which means 
it not rarely happens that the peculiar color of the oxide of 
titanium may be recognized, especially when the glass is 
entirely cooled. The reaction produced by the oxide of nickel 
can be distinguished from the foregoing, in that it is strongest 
when the glass is hottest, and disappears almost entirely on 
cooling, and also in that the color is the same in the exterior 
as well as the interior flame ; while, in the other cases, it dis- 
appears in a strong oxidating flame. The above-described 
reaction of iron upon the color of titanic or tungstic acids does 
not take place with borax. 

Titanic acid combines with soda with effervescence, and 
forms a clear, dark green glass, which is not absorbed by the 
charcoal, and which, on cooling, becomes grey or white. This 
glass has the property of crystallizing, exacUy at the moment 
that it ceases to be ignited ; and, in this operation, so much 
heat is developed, that the bead becomes again, of itself, 
white-hot This property is common to all bodies which crys- 
tallize at a very high temperature, as, for instance, the phos- 
phate of lead ; I have, however, never had an opportunity to 
observe a substance where the heat was so intense and so 
lasting as in this. The proper proportion of the substances 
contributes much to the striking effect of this phenomenon. 
If more titanic acid be used than the soda is able to dissolve, 
so that the undissolved portions swim in the glass, it ne.ver 
takes place ; but, if soda be then gradually added, till exactly 
the proper proportion be reached which is required to dissolve 
the titanic acid, the phenomenon is most strikingly successful. 
If still more soda be added, the crystallization diminishes till 
all is absorbed by the charcoal. 

Titanic acid cannot be reduced on the charcoal by the aid 
of soda. In the experiments which I made, I used titanic acid 
prepared from French rutile, according to Laugiee's method, 
and obtained at each operation a few flat grains of a malleable, 
white, unmagnetic metal, which had the appearance of tin. 
I found, afterwards, that when the titanic acid, precipitated 
from French rutile, was digested in hydrosulphate of ammonia, 
a trace of tin was dissolved by it, which remained behind after 
the evaporation of the liquid and the ignition of the dry 
residuum ; this was easily reduced, and fused into a globule. 

With the cobalt soltUion^ the titanic acid becomes black, or 
dark grey. 
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21. Oxides of Uranium. 

Alone ^ the oxide of uranium is reduced to ^ protoxide, 
and becomes black, but does not melt. 

The oxide is dissolved with borax into a dark yellow glass, 
which becomes dirty green in the reducing flame. The yel- 
low color can be restored upon the platina wire in the oxidating 
flame. On charcoal, this is very difficult. The green glass, 
at a certain degree of saturation, can be rendered black by the 
intermittent flame, and does not become afterwards either 
enamel-like or crystalline. 

With the salt of phosphorus, on the platina wire, in the 
oxidating flame, it gives a transparent yellow glass, of which 
the color diminishes in intensity as it cools, and finally becomes 
straw-yellow, bordering on green. In the reducing flame, it 
gives a fine green bead, of which the color becomes still more 
beautiful as it cools. On charcoal, it is difficult to obtain any 
other than a green color, although the green is weaker in the 
oxidating ffame. 

Soda does not dissolve it. A very small quantity of soda 
gives signs of fusion. If still more be added, the mass be- 
comes yellowish brown in the reducing flame, as an oxide is 
formed, which saturates the alkali, like an acid. By a still 
further addition, it can be carried so far that it becomes ab- 
sorbed by the charcoal, but it is not reduced. Generally, traces 
of tin are found, if this metal be not removed fix>m the oxide 
by hydrosulphuric acid or hydrosulphate of ainmcHiia. 



22. Oxides op Cebium. 

Alone, the protoxide is converted into a peroxide. This 
remains unchanged in the reducing flame. 

Borax dissolves the oxide, in the exterior flame, to a fine 
red or dark yellow glass, of which the color diminishes as it 
cools, till it at length becomes yellow. It can be rendered 
enamel-white by the intermittent flame. If more of the oxide 
be added, the glass becomes of itself enamel-white and crystal- 
line on cooling. 

Salt of phosphorus dissolves the oxide into a fine red glass, 
which loses its color on cooling, and becomes transparent and 
colorless. The glass is colorless in the reducing flame, but 
there is never so large a quantity dissolved that it becomes 
opaque on cooling. 

It is not dissolved by soda. The soda is absorbed by the 
6» 
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charcoal, and the protoxide of cerium remains behind, of a 
white or light grey color. 

The reactions of the oxides of cerium resemble exceedingly 
those of the oxide of iron, especially when the oxide of cerium 
is combined with silica, which prevents the glass from becom- 
ing opaque with borax. They can be distinguished from each 
other by the unlike behavior of the protoxides with the fluxes ; 
but, when both are found in combination with silica, as often 
happens, the presence of the oxide of cerium cannot be de- 
tected by the blowpipe. 

23. Oxide of Lantanittm. 

The oxide of lantanium behaves like the oxide of cerium, 
with this difference, that, dissolved in the fluxes, it gives less 
highly colored beads, which, in the exterior flame, have no 
color, if the oxide of lantanium be pure. 

24. Oxide of Didymittm. 

Alone^ it does not fuse, but loses its brown color in an 
intense reducing flame, and becomes grey. 

It dissolves in borax and salt of phosphorus^ and gives in 
the outer flame a transparent, dark, amethystine-colored glass, 
similar to that obtained from titanic acid in the reducing flaune. 

With soda, it behaves like the oxide of cerium. 

25. Oxide of Manganese. 

Alone, it does not melt, but, at a high temperature, becomes 
brown. 

It is easily dissolved by borax, in the oxidating flame, to a 
clear, amethystine-colored glass, which loses its color in the 
reducing flame. If the quantity of manganese be considerable, 
the bead must be thrown so as to fall upon a cold body, the 
moment the blowing is discontinued, otherwise it recovers its 
color if slowly cooled. If the quantity of oxide be sufficient, 
the glass is at length so deeply colored that it appears black ; 
but it is still transparent in thin threads. 

It is easily dissolved by the salt of phosphorus into a trans- 
parent glass, which is colorless in the reducing flame, and 
amethystine in the oxidating flame ; the color is never so deep 
that it loses its transparency. As long as the glass continues 
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melted, either upon the charcoal or on the platina wire, ii 
continues to boil, and gives off gas. This process ceases in 
the reducing flame, but commences again in the oxidating 
flame. The cause seems to be this : the glass bead becomes 
oxidized upon the surface, and, as the oxidized portion is 
carried into the interior of the mass by the revolutions of the 
bead, oxygen is disengaged by the phosphoric acid, and the 
salt of the oxide is changed to a salt of the protoxide. Thus 
it happens that the salt of phosphorus only acquires the 
amethystine color to a certain extent, since only a certain 
amount of the oxide can be taken up by the glass. In general, 
the borax glass can be easier oxidized than reduced ; and the 
glass of the salt of phosphorus, on liie other hand, is obtained 
in a perfect state of reduction, but can only be imperfectly 
oxidized. . When the glass of the salt of phosphorus contains 
so little oxide of manganese that the color is no longer visible, 
it can be rendered evident, if the melted bead be touched with 
a crystal of saltpetre, in the manner described before in treat- 
ing of the reagents ; the bead foams^ and the foam takes an 
amethystine or a rose-red color during the cooling, according 
as the substance contains more or less manganese. 

The oxide of manganese is dissolved, in very small quantity, 
by soda^ on the platina wire. The glass is transparent green, 
and, on cooling, it congeals, and becomes blueish green. 
This succeeds best on platina foil. The solution of the oxide 
of manganese in the soda flows about the imdissolved portion, 
so that the color of the salt is distinctly visible after cooling. 
A thousandth part of manganese in the substance tested 
colors the soda distinctly green, and in this way the smallest 
trace of manganese may be detected. 

Manganese cannot be reduced on the charcoal with soda ; 
if it contain the slightest trace of iron, however, that can be 
reduced, and can be separated in the usual way. 



26. OlCIDE OP ZtNC. 

Alone^ it turns yellow when heated, which can be seen by 
daylight, but not by candle-light. The white color returns on 
cooling. It does not melt, but gives out a brilliant light when 
strongly heated, euid gradually disappears in the reducing 
flame, while a white crust is deposited upon the coal. 

It is easily dissolved by horax into a clear glass, which is 
rendered milk-white by the intermittent flame ; and, if a 
larger quantity be added, it becomes enamel-white on cooling. 
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In the reducing flame the metal volatilizes, and the coal is cov^ 
ered with a white deposit around the assay. 

With the salt of phosphorus it behaves as with borax, is how* 
ever reduced, and easily volatilized. 

It is not dissolved by soda ; but treated with soda on the 
charcoal, it becomes reduced, ajid deposits upon the coal ; with 
a strong heat the peculiar flame of burning zinc may even be 
observed. This reaction furnishes th^ best means of detecting 
zinc, and the presence of this metal in the minerals which con- 
tain it, as, for instance in Gahnite, is known at once by the 
incrustation which deposits on the charcoal, when the mineral 
is treated with soda. 

27. Oxide op Cadmhtm. 

Alone^ on platina, in the outer flame, it remains unchanged. 
On charcoal it disappears in a short time, and deposits upon the 
charcoal a red or dark yellow^ powder. This behavior of the 
oxide of cadmium is so striking, that if, for instance, carbonate 
of zinc, which contains one or two per cent, of carbonate of 
cadmium, be exposed for an instant to the reducing flame, a 
yellow or dark yellow ring of the oxide of cadmium will be 
deposited at a short distance from the assay, which can best be 
observed after the charcoal has been allowed to cool. It is 
formed long before the zinc begins to be reduced, and if the 
zinc begins to be deposited, it is a proof that the operation has 
been too long continued. If this yellow deposit be not ol> 
served before the zinc begins to incrust the charcoal, it is proc^ 
that the zinc contains no cadmium. 

It is dissolved by horax^ in large quantity, and gives a yel- 
lowish transparent glass, of which the color mostly disappears 
on cooling. When the glass is nearly saturated, it becomes 
milk-white in the intermittent flame, and when fully saturated, 
it becomes, of itself, on congealing, enamel-white. On char- 
coal, the borax glass containing cadmium boils incessantly, 
cadmium is reduced and volatilized, and the coal is covered by 
a dark yellow deposit of oxide of cadmium. 

It is dissolved in large quantity by the salt of phosphorus^ 
into a transparent glass, which when saturated becomes milk- 
white on cooling. 

It is not dissolved by soda upon the platina wire. On char- 
coal it is reduced, volatilizes, and deposits a dark yellow ring 
of the oxide of cadmium. 
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28. Oxide of Ibon. 

Alone^ it remains unchanged in the exterior flame, but in 
the interior flame it becomes black and magnetic. 

It is dissolved by horax in the oxidating flame into a dark 
red glass, which on cooling grows lighter, becomes at last yel- 
lowish and even colorless. If a larger portion be added, it 
becomes, when fused, opaque, and has, on cooling, a dirty 
dark yellow color. In the reducing flame, it becomes bottle- 
green, and when the reduction is carried as far as possible, a 
clear blue-green color is obtained, exactly like that obtained by 
dissolving iron in diluted sulphuric acid. The addition of tin 
hastens the reduction to the state of protoxide. The bottle- 
green color properly belongs to the proto-peroxide ; it is oflen 
so dark that it appears black. As long as the glass contains 
only the peroxide of iron it remains transparent while fused, 
but as soon as it is exposed to the reducing flame, and the 
proto-peroxide begins to be formed, it becomes opaque, and 
continues so till the operation is carried so far that only the 
protoxide remains, when it becomes again transparent. The 
green color of the protoxide is very beautiful, as long as the 
glass is warm ; but it diminishes on cooling, and disappears if 
the quantity of iron is trifling. 

It is dissolved by the salt of phosphorus^ with the same phe- 
nomena of color, as by borax, but the color decreases still 
more on cooling. By adding tin it can be caused to disappear 
almost entirely. A glass containing a large proportion of iron, 
acquires, on being treated with tin, a faint blueish green color ; 
sometimes the bead acquires, at the moment of cooling, a grey- 
ish pearly color, which, however, disappears on its being re- 
heated. 

It is not dissolved by soda^ but is absorbed by the charcoal, 
is easily reduced, and gives, when washed, a grey magnetic 
powder. 

29. Oxide of Cobalt. 

Alone^ it remains unchanged. 

It is easily dissolved by borax^ and gives a clear blue bead, 
which does not become opaque in the intermittent flame. A 
small quantity of the oxide colors the glass deeply, and if a 
larger quantity be added, the glass becomes so dark blue, that 
it appears black. 

It is dissolved by salt of phosphorus^ with the same facility 
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and with the same color. The cobalt color inclines to violet, 
when seen by artificial light, but by daylight it is a clear blue. 
When the salt of phosphorus bead has a feeble blue color by 
daylight, it appears by candle-light of a faint rose-red. 

It is dissolved by soda^ on the platina wire, in small quan- 
tity ; the melted mass is, when viewed by transmitted light, 
faint red, and becomes, on cooling, grey. It melts with soda 
on platina foil, the dissolved portion runs off at the sides, and 
the platina acquires around the undissolved portion a thin dark 
red coating. 

The oxide of cobalt is dissolved in a far larger proportion 
by the basic carbonate of potash^ the salt does not flow about 
as much, and the mass becomes black, without any shade 
of red. 

On charcoal, the oxide of cobalt is easily reduced, with the 
alkali, in the interior flame, even if so little be employed that 
it does not become absorbed by the charcoal ; but it cannot 
be fused. After washing away the soda and the coal, there 
remains a grey magnetic metallic powder, which takes a metal- 
lic lustre, when burnished. 



30. Oxide of Nickel. 

Alone^ it undergoes no change. 

It is easily dissolved by borax into a dark yellow or reddish 
glass, which becomes light yellow, or nearly colorless, on cool- 
ing. A larger quantity of the oxide produces a glass which, 
while fused, is opaque and dark brown ; but, on cooling, it ac- 
quires a clear, deep red color, like that of ferriferous tungstic 
acid in the salt of phosphorus. The addition of saltpetre or 
carbonate of potash changes the color to a blue or deep purple, 
by which it is distinguished from the oxide of iron, of which 
the color with borax resembles that of the oxide of nickel. 
This color is destroyed in the reducing flame, and the glass 
acquires a greyish appearance from the particles of finely 
divided, metallic nickel, which, on continuing the operation, 
collect together without fusing. If the oxide of nickel contains 
cobalt, as often happens, its color makes its appearance ; if it 
contain at the same time arsenic, it melts to a bead. 

If a small quantity of nickel occurs with a large proportion 
of cobalt, it is no easy matter to discover the presence of the 
former. Plattner gives the following method for that pur- 
pose. The borax glass is to be almost saturated with the assay, 
and the glass is afterwards to be melted with four or fivo 
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centigrammes of fine gold in a strong reducing flame. All the 
oxide of nickel with a portion of the oxide of cobalt is thus 
reduced, and a regulus of nickel, cobalt and gold is obtained* 
This must be flattened out with the hammer, cleared of the 
powdered glass, and again melted with fresh borax in the exte- 
rior flame. The cobalt is first oxidized, and dissolves in the 
flux. A blue glass is obtained, which, when it acquires a 
deep color, must be separated from the regulus. If the blue 
is not so deep, but that it can be seen whether the color changes 
to green, the blowing is to be continued till the glass begins to 
turn green. The cobalt is then oxidized, and the gold contains 
only nickel. The regulus is again purified by hammering it out, 
and then kept for some time in fusion with fresh borax, in the 
external flame. The nickel is gradually oxidized, and imparts* 
' to the borax glass the brown color, characteristic of the oxide 
of nickel. (The gold is aflerwards purified by cupellation.) 

It is dissolved by the salt of phosphorus with the same colors 
as with borax, but the color disappears almost entirely on cool- 
ing, and is, moreover, the same, both in the reducing and the 
oxidating flame, by which it is distinguished from iron, which, 
however, it much resembles in its behavior. An addition of tin 
produces, at first, no change, but afterwards the nickel is pre- 
cipitated and the color vanishes. 

If the substance contains nickel, it will now be appreciable ; 
but the blue glass is not clear, and, in general, the oxide of 
cobalt c£Uinot be so easily detected in this Way, as by the borax 
glaiss. 

The oxide of nickel is not dissolved by soda. If a large 
quantity of soda be employed, it is absorbed by the charcoal, 
is easily reduced, and gives, afler washing, small, white, bril- 
liant, metallic particles, which are attracted by the magnet with 
almost more strength than iron itself. With a small proportion 
of soda, the mass remains on the surface of the charcoal, but 
the nickel is reduced, and can be obtained by dissolving the 
soda. This pure nickel cannot be fused with the blowpipe. 
Nickel containing a trace of arsenic does not fuse with soda, 
but if a little borax be added, it melts to a bead, wliich is mal- 
leable, and can be flattened out ; generally, however, it cracks 
a little at the edges, and is strongly attracted by the magnet 



31. BiSKITTH AND ITS OxiDB. 

Alone^ the oxide of bismuth is melted on platina foil to a 
dark brown mass, which becomes pale yellow on cooling. It 
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is reduced by too strong a heat, and perforates the platina. 
On charcoal, it is at once reduced to one or more metallic 
grains. 

It is dissolved by horax^ without becoming colored, in the 
exterior flame. In the interior flame, it is reduced, and gives 
a greyish glass, clouded by particles of finely divided bismuth. 

It is dissolved by salt of phosphorus ; the glass is yellowish 
brown when hot, and becomes colorless, but not quite transpa- 
rent, on cooling. In the reducing flame, especially if tin be 
added, a glass is obtained which is transparent and colorless 
when hot, but it becomes grey and opaque on cooling, like that 
of the protoxide of copper, excepting the color, which in the 
latter is red. This circumstance would seem to indicate a 
«lower degree of oxidation than is known by preparation in the 
humid way. 

The facility with which bismuth can be reduced, causes it to 
become an object of blowpipe investigation, generally, in the 
metallic state. It is then important to be able to distinguish it 
from tellurium and antimony, with which it is easily con- 
founded. 

a. In the closed tube^ neither bismuth nor antimony are 
sublimed at any temperature which the glass permits. Tellu- 
rium, on the contrary, first gives off* a small quantity of fumes 
(caused by the oxygen of the atmosphere in the tube), and 
afterwards a grey sublimate of metallic tellurium is obtained. 

b. In the open tube^ antimony gives off* white fumes, which 
coat the glass internally, and which can be driven from one 
spot to another by the application of heat, so that nothing is lefl 
upon the glass. The metallic bead is surrounded by a consider- 
able quantity of the fused oxide. 

Tellurium rises in dense clouds, and deposits on the glass a 
white powder, which melts to clear colorless drops, when 
heated ; a small portion volatilizes, but the larger part only 
changes its place in such a manner, that the drops, if of large 
size, are mechanically driven from one place to another. If 
the coating be thin, it seems to be driven entirely away by the 
heat, but the magnifying glass shows that the powdery sub- 
stance has collected in small globules. The metallic bead be- 
comes enveloped with a fused, clear and almost colorless oxide, 
which, when cooled, by forming a thicker coating, becomes 
white, opaque and foliated. If Qie heat be strong, and the air 
have slight access, a part of the tellurium is sublimed in the 
metallic state, as a grey powder. 

Bismuth gives ofiT scarcely any fumes, if not combined with 
sulphur ; the metal surrounds itself with the fused oxide, of a 



BSHAVIpB OF SUBSTANCES BBFOBS THE BLOWPIPE. 73 

dark brown color, which becomes pale yellow on cooling. It 
attacks glass strongly, and dissolves its substance. 

c. On charcoal^ all three of these metals are volatilized, if 
the blowing be long continued, and deposit a ring around upon 
the charcoal. That of antimony is quite white, bismuth and 
tellurium have a red or dark-yellow edge. If the reducing 
flame be directed upon this deposit, it disappears, and the flame 
is colored beautifully and strongly green by the tellurium, weak 
greenish-blue by the antimony, and it acquires no color what- 
ever from the bismuth. 

I must here remark, that the odor of decayed horse-radish, 
which is often ascribed to tellurium, is not a characteristic of 
this metal, but belongs to selenium, which accompanies many 
ores of tellurium. 

32. Oxide of Tin. 

Alone^ the protoxide, the pure as well as the hydrate, bums 
like tinder when heated, and is converted into a peroxide. The 
peroxide is not changed or fused, but in a strong and long-con- 
tinued reducing flame, pure oxide of tin may be entirely re- 
duced, without any addition, to metallic tin. This, however, 
requires practice in the use of the blowpipe. 

The oxide of tin is slowly and in small quantity dissolved by 
borax. It gives a transparent glass, which remains transparent 
on cooling. It cannot be rendered enamel-white by the inter- 
mittent flame, but if the saturated glass, afler becoming quite 
cold, be exposed Qgain for some time to the exterior flame, and 
heated to a dull red-heat, it becomes opaque, loses its spherical 
form, and becomes indistinctly crystalline. The color of the 
glass is not changed in the reducing flame. By a long-con- 
tinued exposure to the reducing flame, small globules of reduced 
tin are made to appear. 

By the salt of phosphorus^ the oxide of tin is slowly dis- 
solved in minute quantity to a clear colorless glass. If oxide 
of iron be added, it loses its property of coloring the glass. It 
is to be observed, that only a certain proportion of the oxide of 
tin has the property of destroying the color of a certain quan- 
tity of the oxide of iron, and that the excess of the latter colors 
the glass, as if no oxide of tin were present. The presence 
of arsenic renders the glass opaque. 

With soda on the platina wire, it combines with efler- 
vescence, forming a swollen unfused mass, which cannot be 
dissolved by the addition of more soda. On charcoal it is 
easily reduced to a globule of metallic tin. Certain varieties 

7 
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of oxide of tin, especially if tantaliferous, are difficultly re- 
duced by the use of soda only, so that the tin in such substances 
might escape observation ; but if a small quantity of borax be 
added, the reduction is easily effected. 

Tin occurs, in nature, very often as an accidental ingredient, 
mixed in very minute quantity with minerals containing tanta- 
lium, titanium and uranium, and perhaps others, where its pre- 
sence is not even suspected in an analysis in the humid way ; 
but if they be treated with soda before the reducing flame, 
especially after the iron has been removed from them, metallic 
tin is always obtained, even when it does not constitute over 
i per cent, of the substance. If the proportion of iron be not 
very large, its reduction can be prevented by the addition of 
borax to the soda. 



33. Oxide of Lead. 

Alone^ minium appears black, as long as it remains hot, 
and changes, at a low red heat, into the yellow oxide. The 
yellow oxide melts to fine dark yellow glass, which is reduced 
upon the charcoal, with effervescence, to a grain of metallic 
lead. 

It dissdves with borax on the platina wire to a transparent 
glass, which is yellow, if saturated, as long as it remains hot, 
but becomes colorless after cooling. The assay cannot be 
brought into a bead upon charcoal, but it spreads out upon the 
coal ; the lead is reduced, and flows towards. the edges. 

It is easily dissolved by the salt of phosphorus to a trans- 
parent glass. When saturated, it appears yellow when fused ; 
it becomes enamel-white on cooling. It is not reduced by the 
interior flame, unless an excess of the oxide of lead be present 

The oxide of lead is readily dissolved by soda on the platina 
wi^e to a transparent glass, which, on cooling, becomes yellow 
and opaque. The lead is instantly reduced on charcoal. 



34. OxiDB OP Copper. 

Ahne^ treated in the oxidating flame, the oxide of copper 
melts to a black bead, which soon spreads out upon the char<* 
coal, and becomes reduced upon the under side. In the re- 
ducing flame, the oxide is reduced and acquires a metallic 
lustre, at a temperature below the melting point of copper; but 
as soon as tho blowing is discontinued, the surface of the metal 
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is instantly oxidized and becomes black or brown.* In a 
stronger heat, it melts to a globule of copper. 

The oxide of copper is easily dissolved by horax. The glass 
is of a fine green color, but at the moment in which the glass 
congeals, it acquires a cinnabar-red color, and becomes opaque. 
If the oxide of copper be impure, the glass is oflen dark brown, 
and does not acquire an enamel-like appearance, as in. tha 
intermittent flame. If the proportion of copper be large, a 
part of the metal is reduced to a melted globule, which can be 
obtained by breaking the glass. 

It is dissolved by saU of phosphorus with the same color as 
with borax. If the quantity of copper be small, the glass, 
treated in the reducing flame, sometimes becomes ruby-red ; 
this happens generally at the moment of congelation. It is, 
however, almost always red, opaque and enamel-like. If the 
amount of copper be so small that the reducing flame cannot 
produce the reaction of the oxide of copper, a little tin must 
be added to the borax or salt of phosphorus glass ; if the bead 
be then heated, the glass, which before was colorless, becomes 
red and opaque on cooling. If the heat be kept up too long, 
the copper is precipitated in the metallic form, especially from 
the salt of phosphorus, and the reaction is prevented. 

In analyses of minerals containing lead, if the lead be sepa- 
rated by means of hydrosulphuric acid, when converted into 
an oxide it still contains a portion of copper, which is not dis- 
tinguished by the color. This, however, can be detected in 
the following manner, according to Plattnee. A cavity is 
made in the charcoal, in which biaracic acid is melted ; the re- 
duced bead of lead is then laid on the edge of the acid, and gently 
heated in the oxidating flame. The lead oxidises, and is taken 
up by the acid. When, at last, only a very small quantity 
remains, it is treated with the salt of phosphorus, when the 
reaction of the copper can be observed, either with or without 
the aid of tin. 

* Gahn, who had large copper-works near Fahlun, which he managed with 
the utmost care, found that ores taken from different parts of the mine re- 
quired dilferent methods of treatment, in order that too large a quantity of the 
metal might not be lost in the slag. In order to discover by some short pro- 
cess, whether the proportion of copper in the slag was increasing, he tested 
them with the blowpipe in the following way. A thin and broad fragment of 
the slag, of which the surface had been ground flat, was heated, in 'the first 
place, in tne oxidating flame, in order to drive off the sulphur, ana then in the 
reducing flame, so that the flame was spread out upon the already roasted 
surface. If the slag contained copper, metallic points and spots having the 
color of copper made their appearance, by the number and size of which the 
ner centage of copper was estimated. Karely was a slag found entirely free 
from copper, but the eye soon learned to decide what was the common per- 
centage, and what too large aa amount. 
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The oxide of copper is dissolved by soda on the platina wim 
to a transparent green glass, which becomes colorless and 
opaque on cooling. On charcoal the mass is absorbed, and the 
metal reduced. There is no better method of detecting minute 
quantities of copper than by reduction, in those cases in which 
^e copper is not combined with other metals which are liable 
to be reduced at the same time, and thus to mask its reaction. 
Should such be the case, borax must be used with tin. When 
copper and iron occur together, both metals are obtained 
together in separate particles by the process of reduction, and 
can be distinguished by the color, and by the aid of the magnet. 



35^ Mercxtry. 

The combinations of mercury are all volatile, so that no 
reaction can be obtained with the fluxes. Mercurial substances 
are best examined by mixing them with metallic tin, iron-filings 
or oxide of lead, or, what is still better, soda, and Uien placing 
them in a glass tube closed at one end, and heating them to 
ignition. The mercury is reduced, and collects in the cold 
part of the tube in the form of a grey coating, which, when 
stirred, collects in small metallic globules. 

36. Oxide of Silver. 

Alone y it is instantly reduced. 

Borax partly dissolves and partly reduces it. Heated in 
the oxidating flame, the glass acquires, after cooling, a milk- 
white or opalescent appearance, according to the quantity of 
silver dissolved. The same result takes place, if silver in the 
metallic form be added. In the reducing flame, it becomes 
grey from particles of metallic silver disseminated through the 
mass. 

With the salt of phosphorus^ the oxide and the metal give, 
in the oxidating flame, a yellowish glass, which acquires an 
opaline tint from a greater proportion of silver. Seen by 
transmitted light, it appears yellow ; by candle-light, it has a 
reddish appearance. It becomes grey in the reducing flame, 
like the glass of borax. 

The remaining precious metals, gold, platina, iridium, 
rhodium, and palladium, give no reaction with the fluxes, and 
are not oxidized. To this rule, however, rhodium and palla- 
dium are an exception, since they are oxidized and dissolved 
by the bicarbonate of potash, if fused with it The operation 
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must be performed in the closed glass tube over the spirit- 
lamp, since the sulphuric acid escapes too quickly from the 
platina foil. Platina and indium are not attacked by this flux. 
The <Mily thing which can be done with these metals is to treat 
them with the fluxes, to see whether any oxidizable metals can 
be detected in combination with them. In the same manner, 
they can be melted with pure lead, and cupelled, to determine, 
from the color of the cupel, whether diey contain foreign 
metals. Of the above-mentioned metals, only gold can be 
obtained in a coherent globule. The others remain, after 
cupellatton, in the form of a grey, infusible, porous mass, 
which acquires a metallic lustre under the burnisher; and, 
if it be platina or pallaxlium, it is malleable. 



B. COMBINATIONS BETWEEN COMBUSTIBLE BODIES. 

1. StJLPHxrKETS OP Metals. 

The sulphurets are recognized by the smell of the sulphur- 
ous acid which they disengage on being roasted on charcoal, 
or in the glass tube. If a metallic combination contains so 
little sulphur that it cannot be detected by the smell on being 
roasted, a bead of soda and silica must be melted, and to this 
the substance to be tested is to be added, when the glsiss 
acquires a red or yellow color, immediately or after cooling, 
according to the proportion of sulphur present. If other 
metals should tinge the glass, so that the color produced by the 
sulphur cannot be seen, the assay must be fused with soda in 
the reducing flame, and then laid, after being moistened with 
water, upon a piece of silver foil, which is immediately dis- 
colored by the sulphur. The assay can also be roasted in the 
open tube, in the open end of which a piece of Brazil-wood 
paper is placed ; this will be bleached by a quantity of sulphur 
too small to be perceived by the smell. This precaution is to 
be taken especially in the treatment of antimony ores, where 
the smell of sulphur can with difficulty be perceived, since the 
vapor of antimony has itself an acid smell. 

In testing sulphurets, the object generally is, to discover 
with what metal the sulphur is combined ; for this purpose, 
as much of the sulphur as possible must be burnt off. To 
effect this, thin fragments of the assay are best selected, since 
these are most easily penetrated by the air ; round and thick 
masses must be avoided. For the same reason, the heat must 
at first be gently applied, in order that the assay may not melt 
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into a mass. If it should be fused, it is better to choose an« 
other fragment. After the process of roasting has been car- 
ried to a certain point, certain metals are no longer liable to 
fuse, and the heat can be increased in order to hasten the 
roasting, and to decompose the sulphate which generally forms 
during the process. The roasting is best performed upon 
charcoal. If performed on platina, it must be remembered 
that the platina is liable to be attacked by the metal, and both 
the assay and the support may be destroyed. If charcoal be 
not used, a sheet of mica, silver, or fire-clay can be employed. 

When the roasting is finished, the action of the fluxes can 
be observed. The reduction with soda requires that the sul- 
phur should have been completely driven off, since, otherwise, 
sulphurets may be formed which cannot be recognized, or 
which may be dissolved and washed away, so that nothing is 
left in the mortar in which the operation is performed. 

The volatile sulphurets must be roasted in a tube open at 
both ends, with proper precaution that the sulphuret be not 
volatilized at the same time. The sublimed oxide is then to 
be collected and examined. 



2. SelenIurets. 

These can be most readily detected by the smell which they 
disengage when heated in the external flame. It is best re- 
cognized by holding the assay, while still hot, under the nose. 
It then smells strongly and disagreeably of decayed horse- 
radish ; and 'this smell is so characteristic, that by it the 
slightest trace of selenium may be detected. 

Heated with a glass of silica and soda, the reaction is the 
same as that of the sulphurets, but the color is more easily 
destroyed than that of sulphur by long continued heating; 
and, if it be fused with soda upon charcoal, the metal is 
reduced, and seleniuret of sodium is obtained, which, when 
moistened with water, and laid upon silver, leaves the same 
stain as the sulphuret of sodium or hepar. 

By roasting in an open glass tube, it is often easy to obtain 
selenium in the metallic form. By inclining the tube at a 
certain angle, the draught of air can be so modified that the 
other substances are oxidized, while the selenium sublimes of a 
red color. If a seleniuret occurs mixed with a sulphuret, the 
selenium is sublimed alone, and the sulphur is volatilized in 
the form of sulphurous acid. Some of the Swedish specimens 
of galena contain a minute proportion of selenium, which 
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may be thus detected. If the seleniuin is accompanied by 
tellurium, the oxide of tellurium is first sublimed, while the 
selenium is afterwards deposited nearer the heated spot. Sul- 
phuret of arsenic is oflen sublimed like selenium, but, in this 
case, the assay gives the smell of arsenic, and not of sele- 
nium. 

3. Abseniitbets. 

Arsenic is detected by the smell which it gives off when 
the assay is heated, in which operation it must be remembered 
that it is not the arsenious acid, but the metallic arsenic in a 
gaseous form, which has the odor of garlic. If the proportion 
of arsenic be considerable, the assay fumes strongly, and the 
arsenical smell is perceived at a considerable distance. If the 
quantity be less, the assay must be strongly heated in the 
reducing flame, and held directly under the nose ; if, however, 
the proportion of arsenic be very minute, its smell is hardly to 
be detected without heating it in the reducing flame with soda. 
The smell is so delicate a test for the presence of this metal, 
that if, for instance, a small piece of paper colored in the 
usual manner with smalt be burned, and the ashes collected 
and strongly heated in the reducing flame, the smell of the 
minute proportion of arsenic contained in the smalt will be 
distinctly perceived. 

If an arseniuret is to be roasted, the operation is best begun 
in a tube, since in this way the greater part of the arsenical 
vapors condense in the tube, as a white crystalline sublimate, 
and are not mixed with the air of the room. In this way, the 
smell of the sulphurous acid can be best perceived, as the gas 
deposits its arsenic upon the tube. When the greater part of 
the arsenic has been separated in this way, the roasting is 
finished upon the charcoal ; and, for this purpose, both flames 
must be alternately used, since a part of the arsenic combines 
with the metallic oxides, as an acid ; this portion must there- 
fore be restored to the metallic state, and again roasted in the 
oxidating flame. It is still more necessary to drive off the 
arsenic than the sulphur, especially in cases of reduction, 
since tbe reducible metals are much more difficultly recognized 
if contaminated with arsenic. 

In roasting substances containing arsenic, the operator 
should not unnecessarily expose himself to its fumes, which 
are always injurious ; though I must confess that I have oflen 
had my room full of arsenical vapors, without experiencing 
any injurious effect. I found, to my astonishment, the air 
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aiound the silver-furnaces near Freiberg smelling most strong* 
ly of arsenic, without perceiving any signs of its injurious 
efiect upon the workmen, who are exposed to this atmosphere 
almost every day. 

4. Antimoniurets. 

These give off, when roasted in the open tube, antimoniacal 
fumes, which, however, differ in character according to the 
nature of the various metals with which the antimony is mixed. 
If they are easily oxidized, antimonious acid is formed-; and, 
in this case, the sublimate is infusible. Antimony is driven 
off from copper and silver, and an oxide is formed, which 
deposits upon the glass as a volatile sublimate. The fumes 
which rise from the tube have a distinctly acid smelt, which 
seems to belong to the oxide, or to the antimonious acid. 



5. Tellurets. 

Roasted in the glass tube, they produce in the upper part 
of the tube* the same deposit as pure tellurium (see bismuth). 
The fumes which issue from the tube have a peculiar acid 
smell, like the yapor of antimony. The deposit of the* oxide 
of tellurium is distinguished from that of arsenious acid, in 
that the first is not crystalline and can be fused, while, on the 
contrary, the latter is crystalline, and volatilizes without fusing. 

Tellurets, mingled with soda and finely-scraped charcoal, 
and heated in the closed tube, as described under the head 
of telluric acid, produce telluret of sodium, which can be 
dissolved out of the tube, after allowing it to cool, with a few 
drops of water which has been boiled for some time ; it can 
then be recognized by its purple color. Since, however, the 
tellurets not unfrequently contain sulphur, a combination of 
telluret of sodium with sulphuret of sodium is obtained, which, 
by its yellow color, mingled with the red of the telluret of 
sodium, sometimes produces an orange-red. 



6. Carburets. 

Those carburets of which the composition corresponds with 
that of the sulphurets and antimoniurets, that is to say, those 
from which salts of the carbonates can be formed, do not occur 
in the mineral kingdom. They can be artificially produced by 
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the dry distillation of certain vegetable matters, or by heating the 
cyanurets of certain metals in closed vessels. These have 
then the combustibility of charcoal, can be set on fire, and 
bum like tinder, leaving behind the metallic oxide ; this prop- 
erty depends principally upon their porous texture. 

The only test for carbon in the dry way is, that it gradually 
consumes, without fumes or smell ; and that, when mixed with 
saltpetre, and heated in the platina spoon, or on platina foil, it 
detonates, and forms a carbonate of the alkali. 



C. REACTION OP ACIDS WHEN IN COMBINATION . 

" WITH SALl^. 

« 

What has been already said of the phenomena presented by 
the metallic oxides, considered each one by' itself, can be 
applied to the detection of the nature of the base of a saline 
combination, especially if it be a metallic oxide. It now re- 
mains to give rules by which the acid, or the electro-negative 
element of a combination, may be detected. To determine 
whether the substance to be tested contains a mineral . acid, 
it is to be melted, according to the method proposed by Smith- 
son, with soda, on platina foil. The melted mass is then to be 
dissolved in water, of which a clear drop is then to be let fall 
upon glass, saturated with acetic acid, and tested by a solution 
of the acetate of lead. All the mineral acids, except the nitric, 
give precipitates. 

1. SuLPHUEic Acid 

Is detected in the salts of the sulphates, by adding an ex- 
tremely minute quantity of the salt to a bead of silica and soda 
fused together, or by mixing it with soda before melting it with 
silica. The latter is most easily effected, but the former gives 
a surer result. The sulphuric acid is reduced, and sulphuret 
of sodium is formed, by which the glass is colored dark brown, 
or becomes colorless while fused ; but af\er cooling it acquires 
a red or dark yellow color, according to the quantity operated 
on. The presence of sulphuric acid is also detected by melt- 
ing the salt with soda in the reducing flame, and then taking it 
from the charcoal and laying it moistened upon a piece of sil- 
ver foil, by which it is blackened, or stauied deep yellow. 
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2. NiTBic Acid* 

The salts of the nitrates are recognized by their dedagratioa 
with charcoal when they are fusible. Those which do not 
melt are to be heated to ignition, after being perfectly dried, in 
a glass tube closed at one end, when the tube is soon filled 
with a dark yellow vapor of nitrous acid. 

3. Chlorides. 

J made many researches to discover a test for chlorine in 
the dry way. A remark of Bergman, that chloride of copper 
tinges the flame green, which is not caused by any salt of cop- 
per in combination with a mineral acid, led me to make the 
following experiment, which succeeded beyond all expectation. ^ 
Oxide of copper is dissolved in the salt of phosphorus, till a 
dark green bead is obtained. To this the substance to be test- 
ed for chlorine is to be added, and the blowing continued. If 
the assay contains chlorine, the bead becomes surrounded by a 
beautiful blue flame, inclining to purple, which continues as 
long as any chlorine remains. No one of the acids which oc- 
cur in the mineral kingdom produces anything similar, and 
those whose copper salts alone color the blowpipe flame, do 
not, when treated with the salt of phosphorus. Thus, for in- 
stance, the blowpipe flame is colored intensely green by the 
earthy mineral in which the blue carbonate of copper occurs, 
at Chessy in France ; but if the salt of phosphorus be added to 
it, if previously saturated by the oxide of copper, the flame 
does pot exhibit the slightest trace of color. There is still 
another method of detecting chlorine, which is thus performed. 
Sulphate of iron or oxide of copper is placed on a bright sheet 
of silver, a drop of water let fall upon it, and the metallic 
chloride laid upon it, when the silver afler a while acquires a 
deep bronze color. 

4. Bromides 

Give with salt of phosphorus and oxide of copper, as well 
as with the sulphate of copper on silver foil, the same re- 
action as the chlorides ; but the blue color of the flame inclines 
rather to green than purple, especially on the edges. To dis- 
tinguish with certainty the bromides from the chlorides, the ' 
substance must be fiised with bisulphate of potash (both an- 
hydrous) in a small glass matrass with a long neck. Bromine 
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and sulpburous acid gas are disengaged, and the matrass is 
filled with a yellow vapor, which can be distinctly recognized 
by its smell, although mixed with sulphurous acid. The color 
of ^e gas cannot well be seen by candle-light, for which rea- 
son this operation must be performed by daylight. 

5. Iodides. 

Tested in the same way as the chlorides, tinge the flame 
with a beautiful dark green color. It must be observed, how- 
ever, that the salt of phosphorus at the commencement of 
fusion often throws out small jets of flame tinged of a green- 
ish hue by the combustion of ammonia, and that in a strong 
reducing flame it emits a greenish light ; this cannot, however, 
be confused with the brilliant green flame which is caused by 
an iodide. Iodides fused with the bisulphate of potash in a 
glass matrass, give oflT a violet colored vapor, iodine being sub- 
limed at the same time that sulphurous acid is disengaged. 

6. Fluorides. 

Since fluor has been detected in so many minerals in which 
its presence was formerly not even suspected, as, for instance, 
in wavellite, hornblende, and mica, it is of importance to be 
able to detect its presence by means of the blowpipe. This is 
not so easy in those cases where it forms an essential constitu- 
ent of the mineral, as, for instance, in fluor spar, topaz, cryo- 
lite, &c., since the fluoric acid is not so easily driven off* by 
the heat from these minerals, as from those in which it exists 
as merely an accidental ingredient, as, for instance, in mica 
and hornblende, in which the fluor is driven off" by the change 
in the relative arrangement of the particles which ensues on 
ignition, in the form of fluo-silicic acid gas. 

In the first place, the assay is to be mixed with salt of phos- 
phorus, previously fused, and heated at the extremity of an 
open glass tube, so that a part of it is carried by the force of 
die current of the flame into the tube. In this way aqueous 
fluoric acid is formed, which gradually fills the tube, and which 
can be recognized by its peculiar odor, as also from the cir-* 
cumstance that the glass is attacked by it on the inside, and 
loses its polish, especially at those spots where moisture is de- 
posited. If Brazil-wood paper be held at the orifice in the 
current of acid gas, it will be changed to yellow.* Smithson 

* According to Bonsdobfp's researches, seyeral acids, as, for iostance, fluo- 
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performs this' operation in this way : he fastens a piece of pla- 
tina foil to the lower end of the tube, with a metallic wire, so 
that it forms a sort of canal before the glass tube. In this open 
canal, the assay is to be laid and heated, so that the product of 
the operation is driven into the glass tube. At the highest tem- 
perature to which the assay can be raised, according to his 
statement, the fluoric acid can be driven off from the topaz and 
fluor spar, without the assistance of the salt of phosphorus. 
Smithson also changes the arrangement, by attaching the tube 
by a metallic wire to a small cork, and fastening the assay with 
clay to the end of a platina wire opposite the lower open , end 
of the tube, which wire is also fastened to the cork, by which 
the whole can be held in the hand, and turned so that the flame 
can be directed into the tube. If the finely pulverized assay 
be fused in a glass tube closed at one end, with four times 
its weight of bisulphate of potash, till sulphuric acid begins to 
be disengaged, the tube is more or less coated internally with 
silicic acid, which deposits from the fluo-silicic acid gas. The 
tube is then to be cut oflT above the fused mass, rinsed with 
water, and dried, when the reaction is distinctly seen. 

When, on the other hand, fluoric acid is contained in mi- 
nute quantity* in a mineral, in which it is combined with weak- 
er bases and water, the assay need only be heated in a 
glass tube closed at one end, in the open end of which a piece 
of moistened Brazil-wood paper is inserted. In general fluo- 
ric acid containing silica is driven ofl" by the heat, and not far 
from the assay a ring of silica deposits in the tube, and the 
extremity of the Brazil-wood paper becomes yellow ; this re- 
action indicates that the volatilized acid is fluoric acid. In this 
manner the presence of fluoric acid can be detected in, for in- 
stance, a mica, which contains no more than J per cent, of its 
weight of that acid. 

7. Phosphoric Acid Salts. 

The unexpected discovery of phosphoric acid in wavellite 
and lazulite, has shown the necessity of a reagent for this acid, 
especially since, as it is precipitated with the earths, it easily 
escapes the notice of the chemist. Its known behavior in 

ric, phosphoric, and oxalic acids, have the property of coloring Brazil-wood 
paper straw-yellow, which is not effected by sulphuric, nitric, arsenic, and 
LorjEicic acids. Therefore, in order to delect a comhination of fluor, if it be 
moistened with chlorohydric acid in a watch glass, and the Brazil-wood paper 
be applied to it, after a short interval the reaction of the fluoric acid is ren- 
dered evident. 



BEHAVIOB OF SUBSTANCES BEFORE THE BLOWPIPE. 85 

combination with the oxide of lead, induced n)e to attempt to 
discover some method of detecting its presence by the help of 
lead or the oxide of lead, which, however, did not succeed, 
except in the case of the phosphate of copper, unless I had 
beforehand combined the phosphoric acid with the oxide of 
lead in the moist way, an operation quite out of the sphere of 
blowpipe experimentation. Afler many inefiectual attempts, I 
at last hit upon the following plan, which answers the purpose 
excellently. The assay is dissolved in boracic acid, and when 
the mass is entirely fused, a piece of fine iron wire rather longer 
than the diameter of the bead is stuck through it, and the 
whole heated strongly in the reducing flame. The iron be- 
comes oxidized at the expense of the phgsphoric acid, by which 
borate of the protoxide of iron and phosphuret of iron are 
formed. The latter fuses at a high temperature, and the assay, 
which at first spreads itself over the wire, acquires its spherical 
form again, as soon as the phosphuret of iron fuses. As the 
bead cools, a sudden flash of light is generally seen in it, which 
is caused by the crystallization of the phosphuret of iron. The 
glass bead is then taken from the charcoal, wrapped in paper, 
and broken upon the anvil by a light blow of the hammer, 
when the phosphuret of iron appears as a round metallic grain, 
which adheres to the point of the magnetized knife, breaks 
under the hammer, and when broken has the color of iroi^. 
According to the proportion of iron it contains, it is more or 
less brittle, and the grain can oflen be partially flattened out, 
or struck a pretty heavy blow without breaking. If the assay 
contained no phosphoric acid, the wire comes out with its orig- 
inal shape and polished surface, being only burnt at the ends 
which projected from the bead. As small a proportion as four 
or five per cent, cannot be detected in this way, since it would 
fuse so small a quantity of iron that no result could be obtain- 
ed which could be safely relied on. 

As a matter of course, before the assay is examined accord- 
ing to this method for phosphoric acid, it must first be ascer- 
tained that no other substance is present which might be 
reduced by the iron and melted with it to a bead, as, for in- 
stance, sulphuric acid, arsenic acid, or such metallic oxides 
as are reduced by iron, since in such a case their bases would 
be obtained in combination with the iron. 

8. Salts of the Caebonates. 

The salts of the carbonates cannot be so easily detected 
by the use of the blowpipe, that the usual test in the humid 

8 
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way by applyiifg a drop of hydrochloric or nitric acid could 
be dispensed with. 

9. BoRAcic Acid. 

For the detection of boracic acid in the salts of the borates, 
Turner has given the following process. A quantity of 
finely pulverized fluor-spar is mixed with 4J parts of bisul- 
phate of potash and 1 part of the assay, and made up with 
water into a stiff paste, which is taken upon the platina wire, 
and, after being dried, heated just within the point of the blue 
flame ; as soon as the mass is melted, a pure green color tinges 
the flame for a moment, and then disappears and is not re- 
peated, and must, therefore, be observed at the moment of 
fusion. The theory is this ; fluoboric acid is formed and dis- 
engaged, coloring the flame at the moment that it escapes. 

10. Hydrates. 

Hydrates, or the combinations of water with oxidized bodies, 
are easily recognized, if the assay be heated in a small 
matrass, when the least trace of water is condensed in the neck 
of the matrass. Few substances are so free from hygroscopic 
moisture, that they do not give a trace of water when treated 
in this way. 

11. Silicates. 

Silicates are decomposed by the salt of phosphorus, the 
silica is set free, and the bases combine with the free acid of 
the salt of phosphorus. If a small quantity of this flux be 
used, it often happens that the silica swells up at the moment 
that the substance is decomposed, and absorbs the liquid mass. 
If more flux be added, a bead can be obtained in which the 
swollen, semi-transparent mass of silica swims. This is better 
seen while the glass is in fusion, than after it has been allowed to 
cool. In a large proportion of silicates, it sometimes happens, 
that the bead, though transparent when fused, becomes opa- 
lescent on cooling. This is not the case with pure silica. If 
the assay contains only a trace of silica, this is generally en- 
tirely dissolved in the flux. 

Every substance of an earthy or mineral nature, which 
melts with soda with effervescence into a transparent glass which 
remains transparent on cooling, is either silica, or a silicate in 
which the oxygen of the silica is generally at least double the 
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quantity of that of the base. The glass, which is a combina- 
tion of soda and silica, has the power of dissolving the base, 
which the soda has set free from its combination with the silica. 
If, on the contrary, the substance contains a smaller proportion 
of silica, so that, for instance, the oxygen of the silica is equal 
in quantity to that of the base, the silicate is entirely decom- 
posed, and a glass formed, but the quantity is not sufficient to 
dissolve the liberated base, into whose pores the glass is ab- 
sorbed. Here a circumstance occurs which seems paradoxical, 
namely, that a substance can dissolve with a minute portion of 
soda and form a transparent glass, which, if more soda be add- 
ed, becomes opaque and infusible. This happens generally 
in those fusible silicates, whose bases, although by themselves 
infusible, form a glass with soda. A small proportion of soda 
separates a portion of the infusible bases, but they still remain 
dissolved. The more so'da is added, the larger the quantity of 
the base which is liberated, and it congeals at last into a swol- 
len mass. 

This relation between the phenomena which result from dif- 
ferent proportions of silica undergoes no exception, although 
different bases behave in different ways. Since the silicates 
are generally double salts, and the bases are oAen united in 
different proportions, it often happens that two bases, which in 
a certain reciprocal relation to each other easily unite with 
soda, when otherwise combined are with great difficulty melted 
to a glass with it. If, for instance, the bases are C-|-3A, a 
glass can be obtained from the silicate, as well as from the bi- 
or tri-silicate. If, however, the bases are C-f-2A, the silicate 
forms no glass with soda. If the bases are C+M, the silicate 
is with difficulty fused to a glass ; if C+2M, a liquid glass of 
the bi-silicate is obtained. If the bases are C+f, or C-f-nag, 
vitrification takes place most readily. Since in a great num- 
ber of the most common silicates the crystalline form can be 
deduced from the proportion of silica which they contain, their 
fusibility with soda is a good method, in certain cases, of esti- 
mating, approximatively, the relative quantities of the bases. 

12. Selenic, Arsenic, Molybdic, Tungstic, Chromic, 
Titanic, and Tantalic Acids. 

The salts of these acids are detected by the methods which 
have been before described ; namely, selenic and arsenic acids 
by their smell in the reducing flame, as well as the seleniurets 
and arseniurets ; the others by the reaction produced by their 
acids, in the manner which has been described in speaking 
separately of each of them. 




PART II. 



BEHAVIOR OF MINERALS BEFORE THE 

BLOWPIPE. 

I SHALL, in the following pages, describe the behavior of 
minerals before the blowpipe, observing the order of the 
electro-chemical system ; according to which, I shall com- 
mence with the most electro-positive substances, and describe 
each compound substance under the head of its most electro- 
negative element. This arrangement is not a matter of con- 
sequence in a work like this, where the place of each mineral 
can be readily found by referring to the index; but, as a 
certain order must be followed, that ought to be preferred 
which, in a mineralogical point of view, offers the greatest 
advantages. I shall also add to each mineral the formula 
representing its composition, as far as such may have been 
determined, according to the generally received atomic weights. 



NATIVE ELECTRO-POSITIVE METALS. 

These are generally so easily recognized by their external 
characters, that they rarely become the objects of investigation 
before the blowpipe. Should they require to be examined in 
this way, they must first be oxidized, in order to be able to 
test them with the fluxes in their oxidized state. 

The following may occasionally require examination : — 

a. Native palladium^ from Brazil.* Carefully heated on 
platina foil over the spirit-lamp to a low red heat, it becomes 
tinged with blue, which color disappears at a full red heat. 

Ahne^ on charcoal, it is infusible and igichanged. With 
sulphur, it fuses in the reducing fiame. In the oxidating flame, 

* This experiment was performed with unhammered palladium, which was 
reduced from the oxide. As far as my knowledge goes^ Dr. Wollaston is 
the only person who has had the opportunity oi inyestigating^ native palia^ 
dium. 
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the sulphur is consumed, and the pure palladium remains 
behind. 

Treated in the matrass with bicarbonate of potash in fusion, 
it is dissolve, while sulphurous acid is disengaged, and the 
flux acquires, on cooling, a yellow color. The matrass must 
be of large dimensions, or the mass will rise above the top. 

b. Native amalgam^ AglP, from Zweibrucken. It boils and 
spirts in the matrass, gives off mercury, and leaves behind a 
swollen mass of silver, which fuses on charcoal to a globule, 

c. Iridosmine,, Ir Os"", is changed, when heated before the 
blowpipe, to Ir Os ; and, if strongly ignited in the matrass with 
saltpetre, it disengages oxide of osmium, which can be recog- 
nized by its smell. Some grains, of which the composition 
can be represented by Ir Os' and Ir Os*, smell strongly of osmic 
acid when heated. If such a grain be held in the forceps just 
on the edge of the flame of a spirit-lamp, that part of the 
flame is illuminated, as if from the combustion of olefiant gas. 
At that point, osmium is reduced, and bums like carbon in the 
gas-flame. 



ELECTRO-NEGATIVE COMBUSTIBLE SUBSTANCES AND 
THEIR UNOXIDIZED COMBINATIONS. 

Tellurium and Tellurets. 

Native tellurium^ Te, from Nagyag, is recognized by the 
tests described under oxide of tellurium, in the former part of 
this work. 

It fumes when heated on charcoal, and leaves a slaggy 
mass, which when treated with the fluxes exhibits the reaction 
'of oxide of iron. 

Telluret of bismuth^ Bi Te*. a. TeUnret of bismuth and 
seleniuret of bismuth^ from Tellemarken. Esmark^s native 
tellurium. (The substance for examination was obligingly 
furnished me by the Abbe Hauy.) 

Aione, on charcoal, it fuses to a metallic globule, which 
colors the Uowpipe flame intensely blue, and smells strongly 
of selenium. It deposits on the charcoal a white substance, 
iridescent on the edges, which disappears if the blowpipe 
flame is directed upon it, and colors the flame green. The 
remaining metallic globule can be entirely driven off*, if the 
heat be continued for some time. If a little salt of phosphorus 
be melted on the spot where the globule disappeared, it shows 
a trace of copper. 



-^T' 
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In the open tube, it fuses, and gives off dense white fumes, 
which deposit a reddish substance, after that part of the sub- 
limed mass which is nearest the assay has been roasted for 
some time. This red substance is selenium, of which the 
stream of gas issuing from die tube smells strongly. The 
white sublimate melts to transparent drops when heated, and 
is therefore oxide of tellurium. A metallic globule remains 
in the tube, which gives off no more fumes, but surrounds 
itself with a brown fused mass, which becomes opaque and 
light yellow on cooling, and is therefore bismuth. 

b. Telluret of bismuth (Von Horn's Wasserhleisilher). 
(The substance was furnished me for blowpipe examination by 
Prof. Weiss, from the collection of the Berlin University.) 

Alone, in the open tube, the metallic scale turns brown 
before it fuses, collects into a bead, and smells, for a moment, 
of selenium ; it gives off, on being ignited, dense white fumes, 
which condense on the side of the glass, and can be melted 
into white, transparent drops. In the bead, there still remains 
a globule of bismuth, which gives off no more fumes, and 
which, if the heat be continued, becomes covered with fusing 
brown oxide of bismuth. 



/#r 



Telluret of Msmuth^ from Schubhau, fii + 2fii Te', behaves, 
when roasted in the open tube, like the former variety, but 
smells strongly of sulphurous acid. On charcoal, the bead 
cannot be entirely volatilized, which is probably owing to a 
mixture of foreign substances. The flame is colored blue, 
when directed upon the charcoal. 

With soda, it fuses together, telluret of sodium is absorbed 
by the charcoal, and brittle metallic grains remain behind. 

The test with soda and charcoal in the tube closed at one 
end (see telluric acid, page 61), gives, with well-boiled water^, 
a yellowish red solution. 

When sulphur and lead, or bismuth, occur at the same time 
in the ores of tellurium, it is not easy to distinguish the pres- 
ence of tellurium by its smell. It can, however, according to 
Plattner, be detected in the following manner : The pulver- 
ized assay is mixed with equal parts of pulverized and vitrified 
boracic acid, and laid near the end of the charcoal. The 
flame is then directed upon it, along the coal, so that its ele- 
ments become oxidized. The sulphur bums and is volatilized, 
the oxide of tellurium forms a white deposit upon the charcoal, 
while the oxide of lead and the oxide of bismuth are retained 
by the boracic acid. If the assay contains selenium, this can 
be detected by the red spots on the charcoal. 
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Telluret of hadj Pb Te (mechanically mixed with Pb S and 
Au Te^), Foliated tellurium (Blattererz), from Nagyag. 

Alone, on charcoal, it fumes, and leaves a yellow deposit 
upon the charcoal. The deposit disappears, tinging the inner 
flame blue, and not green, and leaves, after long-continued 
blowing, a grain of gold, which, at the moment of passing to 
a solid state, becomes again red hot The grain is malleable. 

In the glass tube, it fumes, smells perceptibly of sulphurous 
acid, but not at all of horse-radish, and gives a white sublimate, 
which is, however, grey directly over the assay. The sub- 
limate which is deposited directly over the assay does not 
melt like the oxide of tellurium ; it changes its appearance, 
and forms a grey semi-fused coating on the glass, without any 
perceptible fused globules. If such an examination should be 
made when the presence of tellurium was not previously sus- 
pected, this sublimate might be mistaken for antimonious acid, 
but is not so snow-white as this acid, which also tloes not be- 
come grey and partially fuse when heated. This is occasioned 
by the tellurate of the oxide of lead. At a considerable distance 
from the assay, it has the fusibility and reaction of the oxide 
of tellurium. The metallic globule remaining in the glass is 
surrounded by a dark oxidized mass, which looks like the oxide 
of bismuth ; but the color remains afler cooling, and does not 
become much lighter. The test with boracic acid, recom- 
mended by Plattner, and given under the head of telluret 
of bismuth, gives, in this case also, a result which can be 
depended on as accurate. 

Telluret of silver^ from Savodinskj, Ag Te. In the open 
tube, it fuses, without fuming or sensibly changing. On char- 
coal, it gives off fumes on being raised to a white heat. The 
edge of the flame is tinged blue, but there is no deposit upon 
the coal. -The bead, as it congeals, becomes covered with 
silver-white crystalline ramifications, which are probably metal- 
lic silver from which the tellurium has been volatilized. These 
ramifications become still more extended on further heating, 
and they finally change into small globules, which sometimes 
shoot out upon fine threads. At length, the whole bead 
acquires a homogeneous silvery surface. The grain is then 
malleable, but breaks at the edges. 

With borax and salt of phosphorus, in the oxidating flame, 
a transparent yellowish glass is obtained. In the reducing 
flame the glass is colorless, but becomes grey and opaque on 
cooling. If the metallic globule be removed, all the metal 
contained in the borax glass may be soon expelled ; with great- 
er difiiculty, however, out of the salt of phosphorus, which, 
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with a larger proportion of metal, becomes opaque and white 
on cooling. After long continued heating, it becomes opales- 
cent, but only on congealing. 

Soda combines with the tellurium, boils and is absorbed by 
the charcoal, while the silver remains behind. It is wholly freed 
of its tellurium only by repeated fusion with soda. 

With soda and charcoal-powder in the matrass, telluret of 
sodium is obtained, which forms a fine red solution. 

White tellurium, AgTe+3PbTe-|-2AuTe\behaves like the 
foreg9ing, except that on cupellation on charcoal oxide of tellu- 
rium is deposited, and afterwards it gives yellow fumes of lead, 
and leaves behind a grain of silver exceedingly rich in gold. 

Crraphic tellurium, (Schrifterz) from Nagyag. 

Alone, it melts on charcoal to -a dark grey metallic bead, de- 
posits white fumes upon the charcoal, which disappear with a 
green or bluish-green light when the flame is directed upon it. 
Afler long blowing a light yellow metallic grain remains be- 
hind, which at the instant of solidifying becomes, of itself, 
white hot. The brilliant metallic globule is malleable. 

In an open tube a white fume deposits, which, near the as- 
say, is grey (from sublimed tellurium). The sublimate fuses 
into clear and transparent drops, when the flame is directed 
upon it ; it smells acid, but without any trace of the smell of 
horse-radish. 

Antimony and the Antimoniurets. 

Native antimony, Sb, from Sala, behaves like pure antimo- 
ny, and is dissipated in fumes, leaving no residuum. 

Antimonial silver, (Spiesglanzsilber,) Ag* Sb, and (Silber- 
spiesglanz,) Ag' Sb. 

Alone, it fuses readily on charcoal to a grey, brittle, metallic 
globule, and fumes like antimony, but not so strongly; the 
globule acquires, after a certain proportion of the antimony 
has been driven off, a dull, white, and strongly crystalline ap« 
pearance, and gives out a sudden light at the moment of so- 
lidifying. After losing still more antimony^ it becomes, on 
cooling, smooth and polished on the surface, like glass, and is 
at that instant strongly ignited. Finally, after long ignition, 
nothing but silver remains behind. The fumes of antimony 
are deposited on the charcoal, and this is sometimes tinged 
with red, in the direction of the flame, probably from the sul- 
phur contained in the assay, which forms crocus of antimony. 

Heated in the tube, a great quantity of the oxide of antimo- 
ny is given off, and the remaining globule becomes surrounded 
by a ring of a dark yellow glass. 



96 BEHAYIOE OF MINEBALS BEFORE THE BLOWPIPE. 

Antimonial nickdj Ni^ fib, fiom Andreasberg in the Harz. 

In the open tube it gives off white fumes without fusing. 
The sublimate, if collected and treated with formate of soda, 
(see oxide of antimony, page 60,) gives a very trifling ring, 
which volatilizes with the smell of arsenic. The roasted assay 
8 greyish-green and infusible. 

On charcoal, the assay melts at a high temperature, and 
continues to fume like antimony for a few moments, yet with- 
out covering itself with crystallized oxide of antimony. The 
fumes smell strongly of arsenic. The addition of soda brings 
out the arsenical smell still more strongly. The soda is absorb- 
ed by the charcoal, but does not give any reaction of liver of 
antimony on metallic silver. 

With borax and salt of phosphorus, glass beads are obtained, 
which are colored by the oxide of nickel. 



Arsenic and Arseniurets. 

Native arsenic^ As, from Seusony, when heated, smells of 
garlic. In the matrass, it sublimes, and leaves behind a small 
globule of metallic silver. The sublimate is metallic arsenic. 

Observation. Many varieties of native arsenic, as they are 
commonly called in various collections, are either biarseniurets, 
or mixtures of biarseniurets with arsenic, as, for instance, the 
columnar arsenic, from Schneeberg, and the testaceous cobalt 
from Saxony, and other biarseniurets of cobalt. 

Copper nickel J (Kupfemickel,) Ni^ As, from Schneeberg. 

In the matrass, it gives off no fumes, and partially fuses as the 
glass begins to grow soft. It gives a deposit of white arsenic, 
which is formed by the air in Qie matrass. 

On charcoal it fuses, fumes, and smells of arsenic, leaving a 
brittle, white, metallic globule. 

In the open tube it is easily roasted, gives off a large quan- 
tity of white arsenic, and leaves behind a yellowish-green sub- 
stance, which, when roasted on the charcoal and fused with 
soda and borax, gives a tolerably malleable, magnetic, me- 
tallic globule. 

Afler roasting, it behaves with the fluxes like the oxide of 
nickel, and after the reduction generally tinges the glass of a 
blue color, by which the presence of cobalt is recognized. 

Arsenical nickel, (Arseniknickel,) Ni As, behaves like the 
foregoing, with this difference, that in the matrass arsenic is 
sublimed, and leaves a copper-colored residuum of copper 
nickel, (Kupfemickel.) 
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Arsenical cobalt^ Co As, sometimes Co^As*, (Speiskobalt,) 
from Riegelsdorf, Schneeberg and Bieber. 

Alone, in the open tube, gives off readily arsenious acid. 

In the matrass, some kinds give metallic arsenic, others do 
not. On charcoal they fume and emit the odor of arsenic, 
giving a fused white bead, which, even after long fusion with 
borax and soda, remains brittle, and tinges the fluxes with the 
peculiar color of cobalt. 

Columnar arsenic^ from Schneeberg, (Stangliches Arsenik,) 
Testaceous cobalt^ (Scherbenkobalt) from Saxony, give off, m 
the matrass, no arsenic, or at most only a trace. 

In the open tube a white sublimate is obtained, partly of ar- 
senious acid, and partly df metallic arsenic, while a greyish- 
brown infusible mass remains behind. Thoroughly roasted, it 
dissolves readily in the fluxes. 

They are taken up by borax, and give it a cobalt color, 
without producing any other reaction. They are dissolved by 
salt of phosphorus, giving a cobalt color to the bead ; but the 
columnar arsenic gives also evident marks of the reaction of 
the oxide of nickel, which passes into a cobalt-blue, as soon as 
the nickel is precipitated by tin. 

Arsenical antimony^ (Arsenikspiesglanz, Antimoine testace 
de PouUaouen.) 

Alone, in the matrass, it gives off at first a large quantity of 
metallic arsenic, afterwards it begins to melt, and at length 
ceases to sublime. If the metallic globule be taken out and 
heated to ignition on charcoal, it does not bum with the same 
phenomena as antimony, but the fumes smell strongly of arse* 
nic. The fumes crystallize gradually around the metal, and 
the crystals are whiter, and in larger laminae than those of pure 
antimony. If the ignition be continued, it volatilizes entirely. 

ft 

Carbon. 

Graphite is little changed by the action of the blowpipe 
flame. By long-continued blowing, it decreases in size and 
leaves an ash, which has the reaction of the oxide of iron, and 
sometimes of titanic acid. If graphite be rubbed upon fire- 
clay and then heated, the streak becomes gradually red, fronl 
the oxide of iron left behind. 

Graphite, (Kohlenblende,) from Barreros in Minas Geraes in 
Brazil, often leaves no red streak, and is therefore pure carbon* 

lAgnite, mineral charcoal, when heated, bums like tinder^ 
and leaves a white ash, which is not alkaline. 
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An^adte gives off water in the matrass, but no empyreu- 
matic oil. It bums in the oxidating flame without fusing, and 
leaves a small quantity of ashes. 



SeLENIITM and SjSLENIlTRETS. 

Seleniuret of lead^ Pb Se, from Tilkerode in the Harz Mts. 

Alone in the matrass it decrepitates, often violently, but 
otherwise remains unchanged. 

On charcoal it fumes, smells strongly of selenium, deposits 
on the coal a red, yellow and white incrustation, and tinges 
the flame blue. It does not fuse, but becomes rounded, and 
gradually volatilizes, smelling constantly of selenium. It leaves 
behind a very tripling qusmtity of black slag, which gives with 
borax indications of iron, and in the reducing flame traces of 
eopper. 

Roasted in the open tube, it gives off at first a little selen- 
ium, but undergoes but a very trifling change. The sublimate, 
at the greatest distance from the assay, is red, nearer to it, it 
is of a steel-grey color. 

Cupelled with lead on a bone-ash cupel, it oflen leaves a 
trace of silver, euid sometimes gold. 

It is gradually dissolved by soda, and is absorbed by the char- 
coal ; the lead is reduced, and can be separated by washing. 

Seleniuret of lead and cobalt^ Co Se^ + 6 Pb Se, from Tilke- 
rode, behaves like the seleniuret of lead, but the remaining 
slag gives a blue glass with the fluxes. 

Seleniuret of copper^ Cu' Se, from Skrickerum. 

Alone, on charcoal, it fuses into a grey and slightly mallea- 
ble bead, at the same time smelling strongly of selenium. 

In the tube, selenium sublimes in the form of a red powder, 
and also selenious acid, which crystallizes before the selenium ; 
the crystals are volatilized by a very gentle heat. After long- 
continued roasting, during which the assay gives oflT the odor 
of selenium, if it be treated with soda, a grain of copper is 
obtained. 

Seleniuret of copper and lead^ (Selenkupferblei und Selen- 
bleikupfer,) from Tilkerode and Glasbachsgrunde. It varies 
in composition : Cu Se + 4 Pb Se, Cu Se -j- 2 Pb Se, and Cu Se 
+ Pb Se. 

The first of these behaves like seleniuret of lead, but fuses 
slightly on the surface. Af\er long-continued roasting it leaves 
a black slag, which, when fused with borax, gives the reaction 
of copper, and if soda be added, a globule of copper is sepa- 
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rated in the flux. The last named ore fuses readily, spreads 
on the charcoal and forms a grey mass, having a metallic lustre, 
which, after a thorough roasting, gives with borax and soda a 
grain of copper. 

Seleniuret of copper and silver, Cu' Se-|-Ag Se, Eucairite 
from Skrickerum. 

Alone, it fuses, smells strongly of selenium, and gives a 
grey, soft, but not a brittle, metallic globule. Cupelled, after 
being mixed with lead, it gives a grain of silver, and smells 
strongly of selenium during the whole operation. 

In the open tube it behaves like the seleniuret of copper. 

With the fluxes it gives a decided reaction of copper. 

Seleniuret of mercury and lead, Pb Se mixed with Hg Se, 
from Magdesprung. 

Alone in the matrass it gives a grey^ crystalline sublimate of 
seleniuret of mercury, and sometimes, before this, a few glob- 
ules of pure mercury. Heated with soda in the matrass, it 
gives only mercury. Its behavior is, in general, like that of 
Qie seleniuret of lead. 



Sulphur and the Sulphurets. 

Native sulphur, S and (') *, is easily recognized by its 
smell when burning. In the matrass it sublimes ; it is distin- 
guished from the sulphuret of arsenic, by this, that if burnt in 
an open tube nothing condenses on the surface of the tube 
above the place of combustion. 

' Sulphuret of manganese, Mn, (Manganglanz) from Nagyag. 
Alone in the matrass it undergoes no change. Heated in the 
open tube, it is gradually and slowly roasted, without subliming. 
The roasted surface acquires a greyish-green color ; it remains 
for a long time unchanged internally. It can be fused with a 
strong reducing flame, on the edges to a brown slag, when 
roasted to a certain extent. Thoroughly roasted, it behaves 
with the fluxes like pure oxide of manganese. 

It is very slowly dissolved by borax ; the glass acquires, on 
cooling, a faint yellowish color, as long as any part of the assay 
remains undissolved. This color seems to be similar to that 
which sulphur imparts to a glass of soda and silica. When the 

* I shall make use here of the symbol for the sulphurets which I proposed 
in the 1st Part of the 4th edition of my Elements or Chemistry. It consists 
in placing a comma for each atom of sulphur, over the symbol of the radical ; 

for instance, FeS= Fe. The convenience of this method of notation will be 
clearly seen iarther on. 



c 
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assay is fully dissolved, and the deoxidizing action has ceased, 
the color of the oxide of manganese is perceived. 

It is dissolved by the salt of phosphorus with strong efier- 
vescence, and the escape- of a large qufuitity of gas, which 
continues for a short time, after heat ceases to be applied. If 
the bead be placed almost in contact with the flame, slight deto- 
nations are heard, caused by the combustible gases, which are 
evolved and set on fire. If a larger bead which remains hot 
for a longer time be taken, the detonations last longer, and near 
the end a large bubble of gas is given off, which bums with a 
feeble green light ; it is easy to perceive by the peculiar, garlic 
smell of the boiling globule, that the gas is a sulphuret of phos- 
phorus, which is produced by the oxidation of the metallic 
manganese at the expense of the phosphoric acid, while the 
sulphur combines with the phosphorus and escapes. The glass 
exhibits, in this case, a curious play of colors ; it is clear and 
colorless so long as it remains fused, but acquires the same 
yellow color as the borax glass on cooling.* At first, when 
only a small portion of the assay has been decomposed, it be- 
comes, on cooling, of a light yellow color, but the color gradu- 
ally increases in depth, and at the moment of congelation a 
substance is separated from it, which causes the bead to appear 
black. Examined with the microscope, small black particles 
are seen scattered through the dark yellow glass, and on cool- 
ing it transmits a bluish light.* When all the sulphuret of 
manganese is decomposed, and the effervescence has entirely 
ceased, the glass is perfectly transparent and colorless, and it 
acquires, in the oxidizing fiame, a beautiful, clear amethystine 
color. 

It is imperfectly dissolved by soda. The hepatic mass is 
absorbed by the charcoal, and a grey sintered slag remains on 
the surface. 

Sulphuret of zinc^ Zn, Blende. 

Alone, it sometimes decrepitates strongly ; it can be ignited 
without any particular change ; it does not fuse but becomes 
rounded on its thinnest edges, in the strongest heat which can 
be produced ; it smells feebly of sulphurous acid, and is not 
easily roasted. 

In the open tube it does not give off fumes, and undergoes 
little change. On charcoal it deposits a coating of zinc, when 
strongly heated in the external fiame. 

* The cause of this play of colors cannot be sulphur. Is the sulphuret of 
manganese soluble in the salt of phosphorus, or is there a lower degree of 
oxidation than the protoxide, which, like the lowest oxides of copper and bis- 
muth, is soluble in the melting acidj and which, on cooling, is separated 7 
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It is scarcely acted on by soda, but the zinc is reduced, so 
that, if the heat is sufficient, the flame of burning zinc is per- 
ceived, and flowers of zinc are deposited upon the coal. 

Sulphur et of iron. a. Magnetic iron pyrites, Fe-|-5Fe» 
(Magnetkies) from Uto. 

Alone in the matrass it undergoes no change. In the open 
tube it gives off sulphurous acid, but no traces of a sublimate. 
On charcoal it reddens in the exterior flame, and is converted 
into peroxide of iron by roasting. In the inner flame, it melts 
with a strong heat into a globule, which continues red hot for 
an instant after being taken from the flame. Af\er cooling, it 
is covered with a rough, black mass. . If the globule be broken, 
the fracture is crystalline, with a yellowish color and metallic 
lustre. 

b. Bisulphuret of iron^ Fe, Iron pyrites^ (Schwefelkies.) 
Alone in the matrass it throws out a smell of hydrosulphuric 
acid gas, and gives off sulphur. Afler a strong heating, a reddish 
sublimate is obtained, which is less volatile than sulphur, and 
the quantity of which varies in different specimens. This sub- 
limate looks like sulphuret of arsenic. The sulphuret of iron, 
when thoroughly roasted, is metsdlic, porous, attractable by the 
magnet, and behaves like the magnetic pyrites. 
On charcoal it reacts like the magnetic pyrites. 

Sulphuret of cobalt^ Oo, (Kobaltkies,) with occasional admix- 

ture of Fe and Ou, from Bastnas near Riddarhyttan and from 
Musen. 

Alone in the matrass it does not give off fumes, as one would 
expect from the formula C* S^. It does not decrepitate. In 
the open tube it gives off sulphurous acid, accompanied by a 
white sublimate in trifling quantity. This sublimate consists of 
small drops, as is seen if it be examined by the microscope. 
It is concentrated sulphuric acid. If the tube be dusty, it be- 
comes black from the decomposition of the dust. Thq sul- 
phuric acid is given off at the commencement of the operation, 
and is not visibly increased in quantity by its continuance. 
No trace of arsenic can be perceived. It is roasted upon char- 
coal, and afterwards fuses to a grey, metallic globule, which 
cannot easily be freed from sulphur. 

With the fluxes, the reaction of the cobalt overpowers that 
of the iron and copper, so that the latter cannot be recognized, 
but afler the grey fused bead has been several times remelted 
in the oxidating flame, the cobalt is taken up, and the copper 
becomes concentrated, so that, finally, if the glass be exposed 
to the reducing flame afler being saturated with the salt of 

9» 
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phosphorua, on cooling, the red color of the protoxide of copper 
appears, alliiough shaded with the hlue of the cobalt. 

Sulphur et of nickel^ Ni, (Haarkies.) 

In the open tube it smells of sulphuric acid, bleaches Brazil- 
wood paper, and leaves a dark mass, unaltered in form. 

Strongly heated on charcoal it gives a malleable, magnetic 
sinter, which is nickel. 

After being roasted, it behaves with the fluxes like the oxide 
of nickeL 

It gives, before being roasted, a hepatic color with a glass 
of soda and silica. 

Sulphuret and antimoniuret of nickel^ Ni + Ni Sb, (Nickel- 
spiesglanzerz.) (The antimony is partially replaced by arsenic. 
The nickel sometimes contains traces of cobalt.) 

In the open tube it gives off strong fumes of antimony, 
smells slightly of sulphurous acid, and bleaches Brazil-wood 
paper held in the tube. 

In the matrass it gives off a trifling white sublimate, which 
seems to be formed at the expense of the air in the matrass. 

On charcoal it fuses and gives off dense fumes. The arsenical 
smell is not easily recognized, but can sometimes be perceived 
in a slight degree. Tlfe metallic bead, however long it may be 
roasted, still remains fusible and brittle. With soda it does not 
emit the odor, or fumes, of arsenic, nor does it sink into the 
charcoal, but forms a black, liquid mass, which remains on the 
surface, and collects into a bead. This flux produces with the 
glass the color of hepar. The metallic globule, melted with 
the fluxes, gives no other reaction than that of the cobalt. 

Sulphuret of copper, €u. Vitreous copper, (Kupferglas.) 
Alone on charcoal it smells of sulphurous acid, fuses easily in 
the external flame, and boils, throwing off melted globules. In 
the internal flame, it becomes covered with a crust, and no 
longer fuses. This can be repeated several times. No copper 
is separated, as long as any sulphur remains, and it appears 
from this, that sulphur and copper can be fused together in any 
proportion. 

In the open tube it gives off sulphurous acid, and is roasted, 
but does not sublime. The roasted assay gives a globule of 
metallic copper with soda or borax. 

Sulphuret of iron and copper, a. Copper pyrites, Ou Pe, 

(Kupferkies,) and b. Variegated copper, Ou' Pe^ (Buntkup- 

fererz. ) ( Sometimes mixed, in various proportions, with 6u, Fe, 

or with Fe.) 
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Alone, on the charcoal, it becomes darkened by the first 
action of the flame, and turns black, but changes to red on 
cooling. It fuses more readily than the sulphuret of copper to 
a globule, which, after being heated for some time, is attractable 
by the magnet. It is brit&e, and its fracture is greyish-red. 
Exposed for some time to the oxidating flame, and afterwards 
treated with borax, it ^ves a globule of copper. In the open 
tube it. gives a strong smell of sulphurous acid, but no subli* 
mate. In the matrass there is no sublimation of sulphur. 

After being roasted, it gives with ihe fluxes the reaction of 
a mixture of the oxides of iron and copper. Treated with 
soda, iron an(i copper are obtained separately, after burning 
off all the sulphur. 

Sulphuret of lead, Pb, Galena, (Bleiglanz.) 

Alone, on charcoal, it does not fuse till all the sulphur has 
been driven off*, when globules of lead make their appearance 
on the surffiLce, and a button of lead is at last obtained. If 
this be cupelled, it can be determined whether the assay con- 
tains silver. The color of the bone-ash cupel shows after the 
operation is finished, whether the lead was pure or not. If 
pure, it has a clear pale yellow color ; copper stains it of a 
greenish hue, iron, black or brown, <fec. The bone-ash cupel 
can be used, either for roasting or for cupelling. 

In the tube, sulphuret of lead gives off* sulphur and a white 
sublimate of the sulphate of lead, which becomes, in a strong 
heat, grey near the assay. The sublimate can be fused by a 
strong heat ; it congeals immediately, and does not volatilize. 

Remark 1. Since the sulphuret of lead is one of the prin- 
cipal ores from which silver is obtained, the assaying of it for 
that metal is of great importance, and, since this can be done 
by cupellation with the blowpipe, Harkort endeavored to use 
this instrument for quantitative analyses, so that it would be 
possible in twenty minutes to arrive at a pretty accurate knowl- 
edge of the quantity of silver contained in the assay. Although 
such a technical use of the blowpipe does not properly come 
within the limits of this division of the work, I will, notwith- 
standing, briefly describe his method of operating.* 

A larger quantity of the assay than can be used in the cupel- 
lation is to be taken, pulverized and well mixed, so that an * 
average of the whole may be obtained. A decigramme (which 

* " Die Probirkunst mit dem Lothrohre " by Edwabd Harkobt. Part 1st. 
Assaying of Silver. Freiberg, 1827. Plattneb has, since that time, carried 
still farther the art of making quantitative assays with the blowpipe, not cmij 
for silver, but for some other metals. *' Die Probirkunst mit dem Lothrohre '' 
by C. F. Plattnbb. Leipzig, 1835, pp. 251 to 350. 
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is called the standard cwt.) is weighed on a delicate balance, 
or by means of Nicholson's hydrometer, which is sunk in 
alcohol to make it more susceptible. The weighed powder is 
then placed in a small ivory capsule, and mixed with pulverized 
borax glass, in proportion to the quantity of foreign matters 
contained in the assay, and decomposed by from 3 to 8 times 
its weight of pure finely granulated lead. The lead is not 
weighed, but measured in a graduated cylinder, in which one 
degree marks a space sufficient to contain a decigramme of 
lead. The mass is then well mingled, and placed in a small 
cone of post paper, which has been previously soaked in a solu- 
tion of soda and dried. The cone is closed at both ends, afler 
filling it with the assay, and then laid in a cavity in the char- 
coal and heated. The paper and the soda hold the mass to- 
gether, till the borax glass has become sufficiently soft to pre- 
vent any particles from being scattered and lost. The mass 
soon melts, and the borax takes up the slag, while the lead 
containing the silver forms a coherent regulus. It is easily 
seen whether the slag is too large in quantity to be separated 
from the lead, in this case, it must be remelted with more 
borax. The cupels are made of bone-ashes, in an iron. mould, 
which resembles the steel anvil described on page 26, and 
which is provided with a steel handle, and has three cavities in 
which the bone-ashes are placed to form the cupels.* The 
cupellation requires two operations. The first time, it is carried 
so far, that two thirds of the lead is oxidized, which must be 
done with care, to allow as little oxide as possible to be ab- 
sorbed by the cupel, which is then to be broken away on the 
side, till the globule is exposed, so that it can be taken out from 
the surrounding oxide with the forceps. It is then placed upon 
a fresh cupel, and heated till it is oxidized and absorbed by the 
bone-ashes. The globule of silver which remains is too small 
to be weighed, and Habkort proposed to measure it ; for this 
purpose he prepared a scale of ivory, on which is cut a right- 
angled triangle, whose base is a millimetre in length, its height 
157.5 millimetres ; it is divided into 50 equal spaces, forming 50 
triangles, which decrease regularly in height. The grain of sil- 
ver, is placed on this triangle, and slid along till its surface is 
seen, the eye being held directly over it, to exactly touch the sides 
of the triangle, when the number of loths of silver contained 
in a hundred weight of ore can be read off on the nearest divi- 

* In repeating Harkort's experiments, I used, instead of the iron mould, 
one of pumice stone, which, apart from its liability to be broken, answered 
the purpose very well, and is not liable to become so hot that it cannot be held 
in the hand. 
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sioD. This scale cannot be made from calculation, since the 
grain of silver is not spherical, but gradually becomes flatter as 
it enlarges. It is, therefore, constructed from experiments 
made first in the humid way, and aflerwards repeated with the 
blowpipe, so that each division of the scale corresponding to 
the diameter of the silver globule is marked with the number 
determined by experimentation in the large way. Thus, after 
several points of the scale were fixed, the rest was interpolated 
in the same ratio. Analyses performed in the large way 
agreed, not exactly, but sufficiently near for practical purposes, 
with those performed with the blowpipe according to this 
method. 

It was properly only for operations of this kind, that Har* 
KORT invented the blowing machine described on page 13, for 
relieving the muscles of the cheeks and lips. 

Remark 2. The sulphuret of lead from Fahlun and from the 

copper mines of Atvidaberg, smells of selenium when roasted 
on charcoal, and if the operation be performed in the tube, a 
red sublimate of selenium is obtained, which, although not 
large in quantity, is sufficiently evident. For this purpose the 
roasting must be slowly performed, and continued for a long 
time, since the selenium does not separate till near the end of 
the operation. A red ring is then seen to be formed about an 
inch from the assay, and the smell of selenium is recognizable 
in the upper. end of the tube. The selenium is collected by 
heating the space between the assay and the ring, so that the 
selenium which is deposited there is driven towards the ring. 
If the amount of selenium is small, the ring is hardly to be 
discerned by transmitted light, but it becomes evident when 
held against a dark ground. If there is arsenic in the assay, 
sulphuret of arsenic may eetsily give rise to mistakes. 
^, Sulphuret of bismuth^ a, from Gregorys Klack, Bispbei^, 
fii,orfii + 2S. 

Alone, in the tube, it gives off sulphurous acid and a white 
sublimate, and boils violently on being heated to ignition, which* 
soon ceases, and oxide of bismuth is deposited around the glo^ 
bule, as is the case with pure bismuth. 

On charcoal it fuses and boils, throwing out small red-hot 
globules for a short time. After the bismuth is driven off, a 
small slag remains, which is dissolved by the salt of phospho- 
rus with the characteristic color of iron. 
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h. From Riddarhyttan, Bi. 
In the tube it gives off, at first, sublimed sulphur, then a 
small quantity of a sublimate, which resembles the fumes of 
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tellurium in its property of fusing on being heated, but the glo- 
bules become brown cmd cloudy-yellow on cooling, while those 
of tellurium, on the contrary, are transparent and colorless, 
when the deposit is not too thick. After a part of the sulphur 
has been burned away, it begins to boil and spirt like the fore- 
going variety, and leaves a regulus of bismuth, which, when 
cupelled, leaves behind a clear orange-yellow stain on the 
cupel. 

Remark. It seems to follow from these experiments, that the 
native bismuth found fifty years ago on the Greger's Klack in 
Bispberg, is really sulphuret of bismuth, but containing a small- 
er proportion of sulphur than that of Riddarhyttan, which 
seems to be brought by roasting to have the same composition 
as the preceding. , „, 

Sulphuret of copper and bismuth^ Ou^ fii, (Kupferwismutherz,) 
from Wittichen in Fiirstenberg. 

In the open tube it gives off sulphur and a white sublimate. 
The assay then boils, but less violently than the sulphuret of 
bismuth. 

On charcoal it emits burning globules, at first, and coats the 
coal with a deposit of bismuth, but cannot be fused on account 
of the quantity of quartz which it contains. If it be treated with 
soda, after being roasted, it gives a globule of metallic copper 
of considerable size. 
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Needle ore^ 6u^ Bi -|- 2 Pb* fii, (Nadelerz,) from Katharinen- 
burg. 

Alone it fuses and fumes, coats the charcoal with a white 
deposit, which is slightly yellow on its edge, and gives a me- 
tallic globule, resembling bismuth. The fumes are reduced by 
the interior fiame, and do not become colored. 

In the open tube it gives off white fumes, which can be fused 
into liquid globules, some of which are white after cooling, and 
others volatile. The air issuing from the tube smells of sul- 
phurous acid. The globule of bismuth becomes covered with 
a black fused oxide, which after cooling is transparent and 
greenish-yellow. The globule gives with the fluxes the reac- 
tion of copper, though indistinctly. After long heating a glo- 
bule of copper remains, which, when cupelled, leaves behind 
an exceedingly minute trace of silver. 

Remark. John found in this mineral between I and 2 per 
cent, of tellurium. This agrees with the character of the 
fumes deposited in the glass tube, though, in that case, a larger 
quantity would be expected than was found by John. Tellu- 
rium generally tinges the reducing fiame green ; this is not the 
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case with this mineral, which communicates a bluish tinge, if 
any, to the flame. The same thing takes place with the folia- 
ted tellurium (Blattererz) in which tellurium and lead occur to- 
gether, so that the lead partially changes the characteristic 
reaction of the tellurium. 
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Tin pyrites^ Fe' Sn + Ou' Sn, (Zinnkies,) from Cornwall. 

Alone it melts at full red heat, and smells, in the external 
flame, of sulphurous acid ; it becomes snow-white on the sur- 
face and coats the charcoal with a white deposit, both near the 
globule and at a few lines distance from it. This coating, 
which is the characteristic test of this mineral before the blow- 
pipe, is the oxide of tin. It is distinguished from that of other 
volatile minerals, 1st, in being contiguous to the assay, 2d, by 
not being driven off either by the inner or outer flame, if the 
blast be not so strong as to drive it away mechanically. 

In the open tube it smells of sulphurous acid, and deposits 
dense white fumes, which are not volatile, upon the assay, and 
a little distance from it. 

Roasted for sometime on charcoal, it gives a brittle metallic 
globule, which, when treated with the fluxes, gives the reaction 
of iron and copper. If treated in the reducing flame with a 
mixture of soda and borax, a pale, hard and imperfectly mal- 
leable button of copper is obtained. 

Sulphuret of silver^ Ag, (Glaserz,) from Schemntlz. 

Alone, on charcoal, it fuses and swells up, and forms empty 
bubbles, but collects into a globule, after being heated for some 
time. It smells of sulphurous acid, and leaves, Anally, a grain 
of silver, surrounded with a slag. The slag, fused with borax 
and salt of phosphorus, indicates the presence of iron and 
copper. , , 

Sulphuret of silver and copper^ 6u Ag, (Silberkupferglanz.) 

Alone it fuses readily, smells of sulphurous acid, does not 
give off fumes, even in the tube, is not oxidized, neither does 
it form a liquid slag, either on charcoal or in the tube. The 
globule has a grey color, and metallic lustre ; it is imperfectly 
malleable, and has a grey fracture. Treated with the fluxes, 
it gives the reaction of copper. Cupelled with lead, on bone- 
ashes, it gives a large globule of silver, and the cupel is colored 
blackish-green. , 

Sulphuret of mercury^ Hg, Cinnabar, 

a. Crystallized cinnabar^ from Almaden in Spain. 

Alone on charcoal it volatilizes, leaves no residuum, and 
does not smell of sulphurous acid. 

In the matrass it sublimes. The sublimate is dark colored, 
and gives a red streak. 
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Roasted in the open tube, mercury and sublimed ciimabar 
are obtained. The mercury deposits at a greater distance from 
the flame, than the cinnabar. 

In the matrass globules of mercury are obtained. 

b. Mealy cinnabar^ from Zweibriicken. 

Alone in the matrass it gives off cinnabar, and leave a large 
residuum, which, when treated with the fluxes, shows the pres- 
ence of a large proportion of iron and lead, and a trace of 
copper. 

c. Hepatic cinnabar^ (Lebererz.) 

Alone in the matrass it gives off cinnabar, and leaves a 
black residuum. If this be taken out and heated in an opien 
tube, it gradually disappears, without subliming or emitting an 
odor, till, at length, only a small trace of earthy matter re- 
mains. The residuum resembles charcoal. 

Sulphur et of antimony, Sb, (Grauspiesglanzerz.) 
Alone on charcoal, it fuses readily, and is absorbed by the 
coal, of which the surface becomes coated with a black glassy 
mass. If the heat be continued, particles resembling metsd 
appear on the surface of the charcoal, which seem to be a sul- 
phuret, and do not behave like the pure metal ; they do not 
bum, but become blackened and lose their metallic lustre, be- 
fore becoming cold. 

In the gfeiss tube, it gives, at the commenceijaent of the roast- 
ing, a large quantity of antimonious acid, and afterwards a 
sublimate of antimonious acid, mixed with a large proportion 
of oxide. This is curious, since the pure metal gives off only 
oxide, and the sublimate is quite volatile. The air which issues 
from the tube smells of sulphurous acid. 



Hypantimoniosttlphxtrous Salts^ 

This division embraces a class of minerals which has re* 
ceived a variety of names, (Fahlerz, Weissgialtigerz, &;c.) and 
of which the real composition was first made known by the 
discovery of the sulphur salts. 

Hemi-hypantimoniosulphurous sulpliuret of iron, Fe* Sb', 
Berthierite, from Chazelles in Auvergne. 

On charcoal it fuses readily, gives off fumes of antimony, 
and leaves, after the antimony has been driven off, a black 
slag, which is attracted by the magnet, and which gives with 
the fluxes the reaction of the protoxide of iron. , ,„ 

Neutral hypantimoniosulphurous sulphuret of lead, Pb Sb, 
Zinkenite, from Wolfsberg, near Stollberg in the Harz. 
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Alone on charcoal it decrepitates, fuses, gives off fumes of 
antimony, and can be almost entirely driven off; the residuum, 
treated with the fluxes, indicates the presence of copper. 

In the open tube it gives off dense white fumes, of which a 
part is volatile, and is the oxide of antimony, the remaining 
portion is fixed, and is an antimoniate of lead. 

It is generally difficult to determine the presence of antimo- 
ny, if lead and sulphur are present at the same time. Accord- 
ing to Plattner, the antimony can be obtained tolerably free 
from lead, by roasting the fused assay with melted boracic acid, 
taking the precaution not to allow it to be surrounded entirely hf 
the boracic acid. This latter dissolves the oxide of lead, and 
keeps it back, the sulphur burns and forms sulphurous acid, 
and antimony is deposited upon the charcoal. 

Pb Sb combines with Pb in several distinct proportions, and 
forms several species of minerals. The following are those 
. known at present : 

Plagionite 3PbSfb + Pb 

Jamesonite 2 Pb Sb + Pb 

Plumose antimony Pb Sb -|- Pb 

Bortlangerite Pb Sb + 2 Pb 

Geocronite Pb Sb + 4 Pb 

Kilbrickenite Pb Sb -f 5 Pb 

These different species cannot be distinguished from each 
other by the blowpipe, and the most which can be done is to 
determine whether the specimen under examination belongs to 
those containing a larger or smaller proportion of antimony, 
and whether it contains other metals intermixed ; I will subjoin 
a couple of examples. 

Jamesonite^ from Cornwall, behaves like the preceding, but, 
afler the antimony and lead have been driven off, a slag re- 
mains, which gives a trace of the presence of the oxides of 
iron and copper, when treated with the fluxes. 

Plagionite^ from Wolfsberg. 

Decrepitates strongly ; in the open tube, ^ves off fumefli 
of antimony and sulphurous acid. Fuses very readily. It is 
absorbed by the charcoal, exactly like sulphuret of antimony ; 
and if this part of the charcoal be heated for some time, 
small globules of lead make their appearance. 

It does not give a colored bead with borax. 

Treated with salt of phosphorus, in the oxidating flame, it 
gives a transparent glass, which becomes grey and opaque, oa 

10 
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congealing, like that of bismuth. This property disappears 
on farther heating, when, by the addition of tin, a dirty red 
color can be obtained, indicating the presence of copper. 

When treated with soda, a hepar is obtained, which sinks 
into the charcoal, and leaves globules of lead upon the surface. 
These can be driven off on the cupel, without leavmg a visible 
trace of silver. 

One-third hypantimoniosulphurous sulphuret of lead and 

copper^ Cu' Sb + 2 Pb' Sb, Bournonite^ from Bleiberg. 
• On charcoal, it fuses, and fumes for a short time, and afler- 
wards congeals into a black bead ; if strongly heated, fumes 
of lead deposit on the charcoal. It gives a slaggy mass, 
which, treated with the fluxes, indicates the presence of a 
large proportion of copper, and from which a button of copper 
can be obtained, afler clearing it of lead. 

Heated in the tube, it smells of sulphurous acid, and gives 
off dense white fumes, which mostly condense on the lower 
side of the tube, and csimiot be driven off or fused. The part 
which deposits on the upper side of the tube is volatile. The 
former consists of antimoniate of lead ; the latter, of oxide of 
antimony. 

Grey copper (Fahlerz), ^® \ f}^ J +2€uW S*^ , from 

Zm ( As ) (As 

difierent localities. (Schwarzerz,) from Kapnick, Endellionite^ 
from St. Harvey, near Grenoble, and from Katharinenburg. 

Alone, in the open tube, they fuse, and give off fumes of 
antimony, which contain little antimonious acid, but smell of 
sulphurous acid, which smell cannot be perceived before the 
assay has been heated for some time. A piece of Brazil-wood 
paper inserted into ' the upper end of the tube is entirely 
bleached. The roasted substance congeals into a black mass. 

On charcoal, they deposit antimony, without any trace of 
lead ; the globule becomes smaller, grey, and semi-malleable ; 
in borax, it remains for some time grey, and then indicates the 
presence of copper ; a grain of copper is obtained by fusion 
with soda. 

Addition, a. Licht'weissgultigerzy from Freiberg. 

It decrepitates strongly, fuses easily, and gives off lead 
lumes. 

In the open tube, it behaves like the foregoing. The 
roasted mineral, treated with the fluxes, tinges them with the 
oobr of nickel, and sometimes of cobalt. With borax, a 
metallic bead is obtained, which, cupelled with lead on bone- 
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ashes, is slightly diminished in size, and leaves on the cupel 
pure silver, 

b. Dunkel'ioeissgulHgerZj from Sala. 

In the open tube, it behaves like the former variety. It 
leaves, afler being roasted, a slaggy mass, which colors borax 
with iron, and gives a globule of lead, which, af\er cupellation, 
leaves an inconsiderable trace of silver. 

Polybasite^ from Guarisamey, in Mexico, 
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It decrepitates slightly, and fuses very easily. 

In the open tube, it gives a white sublimate, and smells of 
sulphurous acid. 

On charcoal, it does not deposit antimony. 

With borax and salt of phosphorus, it gives a glass colored 
by oxide of copper. 

With borax, it forms a hepar, and' smells of arsenic. A 
white regulus is formed in the melted mass. 

Myargyrite^ Ag Sb, from BraunsdorfF. 

In the open tube, the assay fuses readily, and gives a consider* 
able sublimate of oxide of antimony, at die same time smell- 
ing of sulphurous acid. If the intensity of the flame be 
increased, a yellow sublimate is formed, which is transparent, 
and less volatile than the oxide of antimony ; so that, after this 
latter has been driven off, a portion of the yellow sublimate 
remains. A smiall quantity of a slightly fused slag forma 
around the globule. 

On charcoal, it fuses and fumes. The deposit, which is 
formed around the assay, is at first yellow in the centre, which 
color aflerwards disappears. 

No color is obtained with borax or salt of phosphorus. 

Hepar is formed with soda, which sinks into the charcoal, 
and leaves a white brittle globule, which, afler being heated 
for some time, leaves a button of pure silver. 

One-third hypantimoniosulphurous sulpkuret of silver ^K^ Sb, 
(Rothgiilden.) Alone, on charcoal, it decrepitates, fuses, 
bums, and fumes like antimony, but smeUs of arsenic. The 
fumes soon cease to be given off. 

In the open tube, it fumes considerably, and smells of sul* 
phurous acid, particularly at the beginning of the operation. 
The greater portion of the fumes condenses upon ^e glass, 
and sometimes crystallizes ; Cbat it is oxide of antimony, and 
can be entirely volatilized. The remaining globule gives, 
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afler being heated in the exterior fiame, a grain of pure 
silver. 

Sidphuret of molyhdena, Mo. 

Alone, on Uie charcoal, it smells of sulphurous acid, fumes, 
and deposits on the coal, especially at first.; it is burned with 
the greatest difficulty, and remains unaltered for a long time 
during the heating. 

With saltpetre, in the platina spoon, it detonates with a flash, 
and dissolves in the fused salt, leaving a few yellow flocculi, 
which remain behind on washing the salt, and behave like 
molybdate of iron before the blowpipe. 

In the open tube, it gives no sublimate, but the glass be- 
comes dim around the assay. 

Sulphur et of arsenic, a. red, As, Realgar, h. yellow. As, 
Orpiment. 

Alone, on charcoal, burns with a whitish-yellow flame. In 
the open tube, it consumes, and deposits white arsenic in the 
upper portion of the tube ; it volatilizes, and leaves no resi- 
duum. In the matrass, it fuses, boils, and gradually sublimes. 
The sublimate is dark yellow and transparent, amd sometimes 
of a beautiful red. 

In legal investigations, it is often of great importance to be 
able to convert the sulphuret of arsenic into the metal. This 
sometimes succeeds very well, when the sulphuret is placed at 
the bottom of a small tube, such as is described on page 55, 
with a bit of iron wire before it, which is heated to a full red 
heat, and the sulphuret conducted over it in the gaseous form. 
The arsenic is reduced, and deposits on the tube in the metal- 
lic state. This method, however, so often fails, that it cannot 
be depended on when small quantities are to be operated with. 
Thiebeuf lately stated that silver-leaf could be used instead 
of the iron wire. I have also tried this, but it is still less to be 
depended on. The effect of the silver on the sulphuret of 

arsenic, As, is this : that a certain portion of the arsenic is 
deprived of its sulphur, which unites with the silver, and forms 
sulphuret of silver, which again combines with the remaining 
portion, and forms arsenio-sulphurous sulphuret of silver, from 
which the arsenic cannot be separated by fusion with more 
silver. For this reason, the operation always succeeds when 
performed in the following method : the sulphuret of arsenic 
is placed in an open glass tube, of the thickness of a goose- 
quill, and about four or five inches long, and roasted by in- 
clining the tube, and heating it directly over the assay, so that 
the gas which rises passes over the hottest part of the tube 
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and is burned. The roasting must be slowly carried on, so 
that nothing shall escape unconsumed. Arsenious acid crys- 
tallizes, and collects in one portion of the tube, close by which 
it is to be drawn out, and the arsenious acid driven into that 
portion of the tube, and reduced with charcoal. Without a 
little practice, it will be difficult, at first, to succeed in this 
operation ; but the knack is soon acquired, and, after that, it 
never fails to succeed. 

Sulphuret of arsenic can be fused with soda, and then heated 
in a stream of hydrogen by means of the blowpipe flame, when 
arsenic is gradually set free and sublimed. With charcoal, 
however, no arsenic is* obtained. 

Arsenical glance^ (Arsenikglanz,) from Palmbaum, near 
Marienberg. (Furnished by Prof. Breithaitpt.) 

Heated m the matrass, it gives off at first brown sulphuret of 
arsenic, and afterwards metallic arsenic. It sublimes without 
leaving a residuum. 

The presence of sulphur can be recognized in this mineral, 
by treating it with soda, when it combines with a portion of the 
soda and blackens silver. 

Remark. This combination appears to be identical with the 
artificial brown sulphuret of arsenic 12 As -f- S. 

Keesten described another arsenical glance from the same 
locality, from which arsenic only was sublimed, leaving behind 
a little bismuth. He could not detect sulphur in it. 

Arseniosulphurous sulphuret of silver^ Ag^ As, (Sprod- 
glaserz,) from Saxony. 

Alone in the open tube it fuses, fumes a little, and deposits 
on the glass small, lustrous, white ciystals of arsenious acid, 
without a trace of antimony. 

On charcoal it leaves no deposit, is slowly roasted, smells 
slightly of arsenic, if the heat be strong, and retains its sulphur 
with greater obstinacy than the sulphuret of silver ; it leaves a 
dark grey, metallic globule, which can be hammered out till 
quite thin, although it cracks on the edges. If treated with a 
glass of soda and silica, the glass acquires a hepatic color, and 
Qie silver becomes pure. 

By the addition of soda, the roasting and consequent pun* 
fication of the silver is hastened. The silver can, however, be 
obtained pure in a strong oxidating flame, without soda, so that 
it can be clearly seen that the foreign substances in the globule 
were volatile. 

With the fluxes, the characteristic reaction of silver only is 
obtained. 

10* 
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Remark. The difference in the strength with which die 
silver retains the sulphur in combination, in the sulphuret df 
silver (Glaserz), and the brittle sulphuret (Sprodglaserz), is so 
remarkable, that it is evident that it must be occasioned by the 
presence of some third substance. Klafroth found ten per 
cent, of antimony in the brittle sulphuret of silver from 
Saxony. I could not find a trace of it ; and, on the contrary, 
if antimony is present, the sulphur is separated with the 
greatest ease, and antimoniuret of silver is obtained. I fused 
silver with the sulphuret of arsenic, however, and obtained a 
combination which had all the properties of the brittle sul- 
phuret ; and I feel confident that it is a combination of sulphur 
and the arseniuret of silver, and that the presence of arsenic is 
the reason that the sulphur is burned off with such difficulty. 

It must also be remarked, that there are specimens of the 
brittle sulphuret, in which the sulphuret of arsenic is partially 
replaced by sulphuret of antimony. These give, according to 
VoN KoBELL, a deposit of antimony upon tihe charcoal. H. 
Rose analyzed a specimen of the brittle sulphuret of silver 

from Schemnitz, which contained antimony only = Ag Sb -|- 

sAg. 

Aesenio-Sulphurets. 

Arsenio'Sulphuret of iron^ Fe S' -|- Fe As', Mispickel^ crys- 
tallized, from various localities. 

Alone, in the matrass, it gives off at first a red sublimate, 
which is sulphuret of arsenic, and afterwards a black one, 
and, finally, metallic arsenic, in the form of a brilliant, metal- 
lic, greyish, crystalline sublimate. The ignited assay no 
longer smells of arsenic, if treated on charcoal, and behaves 
like magnetic pyrites. On charcoal, mispickel gives off, at 
first, dense fumes of arsenic, and afterwards fuses, with the 
odor of arsenic, into a globule, which behaves like fused 
magnetic pyrites. If the mispickel contains cobalt, the pres- 
ence of this metal is detected, by strongly roasting the assay, 
and then dissolving it in the reducmg flame with borax or salt 
of phosphorus ; the cobalt color then becomes visible, after the 
bead has become cool. 

Arsenio'Sulphuret of cohak. Co S'* + Co As', (Glanzkobalt,) 
from Tunaberg. 

Heated in the matrass alone it undergoes no change. 

In the open tube it is slowly roasted, gives off, when strongly 
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heated, arsenious acid, smells of sulphurous acid, and hleaches 
Brazil-wood paper. 

On charcoal it fumes strongly, and after heing roasted for 
some time it becomes liquid. Afterwards it behaves like fused 
arsenical cobalt. 

Arsenio'sulphuret of nickel^ Ni S' -|- Ni As', (Nickelglanz,) 
from Loos. 

Alone in the matrass it decrepitates strongly, and gives off, 
on ignition, a large quantity of sulphuret of arsenic, which 
sublimes in a fused, transparent, yellowish brown mass, which 
remains transparent after congealing. The ignited assay re- 
sembles copper nickel, and reacts in the same manner with 
the fluxes. The presence of iron is detected with difficulty, 
and the cobalt-blue color is generally observed, after the nickel 
has been removed by reduction. 



OXYGEN AND OXIDIZED SUBSTANCES. 



A. OXIDES OF ELECTRO-POSITIVE METALS. 

a. 

Peroxide of manganese^ Mn. 

Heated alone in the matrass it undergoes, when pure, no 
apparent change, but, generally, even the best crystallized 
specimens are more or less mized with the hydrated oxide, 
from which the water is driven off by heat, so that the quan- 
tity of water given off furnishes a standard of the economical 
value of the ores of manganese. The larger the quantity of 
water which they give off, the less their value, since they con- 
tain proportionally less of the peroxide. — Heated on charcoal 
with a strong reducing flame it becomes reddish brown. 

It is dissolved by borax and salt of phosphorus with strong 
effervescence, which is caused by the escape of oxygen ; it 
behaves, in general, like pure oxide of manganese. The per- 
oxide of manganese is often contaminated with iron, which 
can be recognized by treating it with borax in a strong re- 
ducing flame. The color of the iron only remains. Also, 

by reduction with soda and washing, the iron is obtamed. 

... 

Sesquioxide of manganese^ Mn, and Red oxide of manganese^ 

m •• • 

Mn + Mn, behave exactly like the foregohig. 

The oxides of manganese often contain small quantities of 
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alkalies, baryta, or lime. Care must be taken, therefore, after 
thoroughly roasting the assay, to moisten it with a few drops 
of water on platina foil, and then examine whether the water 

blues reddened litmus-paper. 

• ■•• . . 

FrankUnitej R R, (in which R represents a mixture of Zn, 

Mn, and Fe, R a mixture of Mn and Fe.) 

Alone, it is infusible. 

It dissolves in borax and salt of phosphorus, and tinges the 
glass on the platina wire in the outer flame with the usual 
color of manganese, and on charcoal in the interior flame, 
with that of the protoxide of iron. 

On platina, with soda, the fused mass is green. The assay 
deposits fumes on the charcoal. 

The pale red mineral^ which occurs with Franklinite, gives 
the following reactions : — 

Alone, it remains unchanged, except that it acquires a 
deeper color when hot. In the reducing flame, it coats the 
charcoal with a deposit of zinc. 

It is readily dissolved by borax, and imparts to it the char* 
acteristic color of manganese in the outer flame. The satu- 
rated solution is rendered opaque on cooling, and by the 
intermittent flame. 

It is readily dissolved by salt of phosphorus, and gives a 
transparent bead. The color of manganese cannot be obtained 
till the glass has dissolved so large a quantity. that it is no 
longer transparent on cooling. 

It is not dissolved by soda, and no metal can be obtained by 
reduction ; on the platina foil it gives a green color, but not 
particularly striking. 

With the solution of cobalt, the powder (which is yellow) 
acquires a yellowish green tint on the exterior, but does not 

become bluish-green or fuse on the edges. 

__ .» . 

Peroxide of iron^ Fe, Specular iron^ Bloodstone^ (Eisen- 
glanz.) 

Its behavior was described under the head of the oxide of 
iron. It sometimes occurs contaminated with chromium and 
titanium. These mixtures are easily detected by methods 
which will be described under the head of chromate of iron 
and titanate of iron. 

Ma^etic oxide of iron^ Fe + Fe. 

This oxide behaves exactly like the preceding. 

Red oxide of copper^ Ou, and the 

Protoxide of copper^ Cu, behave as was described under the 
oxide of copper, in the first division of the work. 
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Protoxide of had^ Pb, and 

• • • 

Superoxide ofhad^ Pb, Minium. 

Both these behave as was described under the oxide of lead. 

Peroxide of bismuth^ Bi. 

Its behavior is similar to that described under oxide of bis- 
muth in the first part of the book. Sometimes traces of iron 
and copper are found in it. 

It sometimes smells distinctly of arsenic when reduced with 
soda, and if any quartz, to which it often is found adhering, is 
present, it fuses slowly into a glass which becomes yellowish 
and opaque on cooling. 

Peroxide qfiin, Sn, Tinstone, 

See oxide of tin. On platina foil with soda the dark varie- 
ties give traces of manganese. 

Remark. When the oxide of tin contains tantalium, as in the 
variety found at Finbo, near Fahlun, the presence of this metal 
renders the tui difficultly and imperfectly fusible, and a large 
residuum is obtained. Its solution in borax, at a certain degree 
of saturation, acquires the property of becoming opaque by 
flaming, or even of itself. 



B. OXIDES OP ELECTRO-NEGATIVE SUBSTANCES. 

Water and Hydbates. 

Hydrate of magnesidj M g H, from Hoboken and Unst. 

Alone, in the matrass, it gives off water, and both before 
and after ignition restores the blue color of reddened litmus- 
paper. On charcoal it thickens in the direction of the lamina 
and cracks, and turns milk-white, but does not fuse. 

With the fluxes and solution of cobalt, it behaves like pure 
magnesia. ' * .... 

Hydrate of the oxide of manganese^ Mn H, Wad. 

Alone, in the matrass, it gives off a large quantity of water. 
On charcoal, and with the fluxes, it behaves like the oxide of 
manganese. 

Addition, a. Cupreous manganese^ (Kupfermanganerz,) 

. .. . . . 

Cu Mn'-f-2H, (in which about half of Cu is replaced by Mn, 

..... 

K, Ba^, Ca, Mg and Go,) from Schlackenwald. 

Alone, in the matrass, it gives off at first a quantity of water, 
and then splits in pieces with decrepitation. The water has 
not an acid reaction. 



118 BEHAVIOR OF MINERALS BEFORE THE BLOWPIPE. 

On charcoal it becomes brown in the reducing flame, but 
does not fuse. 

It is readily dissolved by borax, and gives, in the reducing 
flame, a transparent, colorless glass, which becomes red and 
opaque on cooling. 

It is readily dissolved by salt of phosphorus, and gives the 
same shades of color as with borax. If the reduced colorless 
glass be held for a moment in the oxidating flame, it acquires a 
beautiful copper-green tint, and remains transparent after cool- 
ing. If more strongly oxidized, it acquires a blue amethys- 
tine color. ' 

It is not dissolved by soda, but if borax be added, a distinct 
globule of copper is obtained. 

Earthy cobalt J ^ \ Mn'+ 4 H, (Schwarzer Erdkobalt,) 

Cu ' 
from Saalfeld. 

Alone it gives off water, which has an empyreumatic odor. 

On charcoal it smells feebly of arsenic, and does not fuse. 

It is dissolved by borax and the salt of phosphorus, with the 
usual color of cobalt, which is so intense that it prevents any 
other reaction from being distinguished. 

It is not dissolved by soda. On the platina wire it gives a 
mass intensely colored by manganese. If the clear green soda 
be separated, and treated alone on charcoal, a white, slightly 
magnetic metal is obtained, which imparts the characteristic 
color of iron to salt of phosphorus, and also the property of 
becoming milk-white on cooling. I have not examined it 

farther. 

... . 

Hydrate of the peroxide of iron^ Fe' IP, ( Ochre^ Stilpnosi* 
derite^ Lepidocrocite^ Bog iron ore^ dec.) 

Gives off water in the matrass, and leaves red oxide of iron. 
Stilpnosiderite can be fused on the edges in a strong heat 
After being dissolved with salt of phosphorus in a strong re- 

ducmg flame, it gives with tin a trace of copper. 

.... 

Hydrate of the oxide of uranium j U H*, from various local- 
ities. 

a. Uranium ochre^ a loose, lemon-yellow powder. 

Gives off water in the matrass, becomes red as long as it re- 
mains hot, and green in the reducing flame, without fusing. 
It reacts, in general, like pure oxide of uranium. 

b. Compact oxide of uranium. Alone in the matrass it 
gives off watey, and acquires a reddish tinge. On charcoal it 
melts in a strong flame, and the fused assay is then black. It 
behaves like the former with the fluxes. 

With soda it gives fumes of lead and white metallic globules. 
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Alfmina an]> Aluminates. 

Alumina^ Al, Telesie^ Corundum^ Sapphire^ Ruby^ ^. 

Alone, it remains entirely unchanged, either in powder or 
in fragments. 

It is slowly dissolved by borax into a transparent, colorless 
glass, which cannot be rendered opaque by flaming. 

It is with difficulty dissolved by the salt of phosphorus ; for 
this purpose the assay must be finely pulverized, when it slow- 
ly dissolves into a transparent glass. The undissolved portion, 
in case more has been added than the flux could take up, does 
not become opaque, as is the case with the silicates, and the 
bead is not opalescent, either on cooling, or when slightly heat- 
ed in the exterior flame. 

It is not attacked by soda, and no sign of fusion can be per- 
ceived. 

With the solution of cobalt, it gives a deep blue. The color 

is beautiful in proportion as. the assay is finely pulverized, and 

as the heat is stronger and more constant, since the oxide of 

cobalt attacks the alumina when in this state, very slowly. 

... • 

Hydrate of alumina, a. Diaspore^ Al H.* 

Alone, in the matrass, it decrepitates with great violence, 
and crumbles into small, brilliant, white scales. During the 
decrepitation it gives off* very little water, but afterwards a 
considerable quantity, which renders it probable that it retains 
the water with strong chemical affinity, as is generally the case 
with the hydrates. On charcoal it is infusible. 

The scales are dissolved by borax with considerable facility, 
into a clear, colorless glass, without giving a skeleton of silica. 

They are not at all acted on by soda. 

With borax and iron they do not indicate the presence of 
phosphoric acid. 

They acquire a beautiful blue color with the solution of co- 
balt. 

Diaspore^ from Kosoibrod in Siberia, does not decrepitate, 
gives off* a large quantity of water, and turns brown after ig- 
nition, showing a grey foliated structure alternating with a 
dark red, eartl^ mass. 

It is gradually and entirely dissolved by borax and salt of 

* The locality of the diaspore here described is unknowQ,and only one spec- 
imen of it is known, which Le Li^vre bought of a French mineral dealer, and 
which Haiiy used in making his description of diaspore. The piece which 
was used for examination with the blowpipe, was broken from the-same spec- 
imen. 
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phosphorus ; the glass acquires the color of the oxide of iron, 
and the undissolved portion has a white color. 

Soda does not attack it, but sinks into the charcoal, and leaves 

the alumina tolerably white. 

»•• • 

b. Gibbsite^ Al iP, from Richmond, in Massachusetts. 

Alone, in the matrass, it gives off a large quantity of water. 
On charcoal it is infusible, and behaves with the fluxes like 
pure alumina. With the solution of cobalt it gives a beautiful 

blue. 

. ... 

Aluminate of magnesia^ Mg Al, Spinel^ from Celon and from 
Aker. 

Alone, it undergoes no change. The red variety from Cey- 
lon becomes darker and opaque while hot, but on cooling it 
gradually acquires its former color. When seen by transmit- 
ted light it loses its fine chrome-green color, becomes nearly 
colorless, and ends by acquiring its original red. 

It is slowly dissolved by borax into a clear and almost color- 
less glass. The spinel from Aker oflen contains lime in its 
interstices; in that case it dissolves with efiervescence, and 
gives a glass which can be rendered opaque by flaming. 

In fragments it is slowly dissolved by salt of phosphorus, but 
when pulverized it dissolves readily and entirely. The bead 
shows the color of iron, but the spinel from Ceylon becomes 
faintly but distinctly chrome-green on cooling, and does not 
become opalescent. 

It is not dissolved by spda, but it swells up ; oh platina foil 
it shows faint traces of manganese. 

Aluminate of the protoxide of iron and magnesia^ .^ > i'l, 

Phonastej from Ceylon and Monte Somma. 

Alone, it does not change except by becoming blue in a 
strong heat, resembling the blue, glassy slag of the blast-furna- 
ces. It does not fuse, even when pulverized, but appears 
glassy on the edges. 

It is dissolved by borax into a transparent, dark and clear 
iron-green glass. 

Jt is hardly attacked by salt of phosphorus unless previously 
pulverized, but it is then easily and entirely dissolved into a 
transparent glass tinged with iron. 

With soda it swells up into a black slag, which does not fuse 
even on the addition of more soda. 

Remark, Chlorespinel^ from Slatoust, behaves like the last 
mentioned. With salt of phosphorus the presence of copper 
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can be detected by the aid of tin. When the saturated glass 
of borax is treated on charcoal, scales of copper can be sepa- 
rated by washing in the usual manner. 

Zn r "* 

Aluminate of zinc^ . > Al, Gdhnite^ from Fahlun and 

Fe ) 

Franklin. 

Alone, it undergoes no change. 

It is so little acted on by borax and salt of phosphorus, that 
it appears as if no part of it had been dissolved ; even when 
pulverized it is very slightly dissolved. 

It is not dissolved by soda, but forms a dark colored slag. 
If this be pulverized, the finer the better, and well mixed with 
soda, a distinct ring of oxide of zinc deposits around the assay 
when it is strongly heated in the reducing flame. This is the 
best characteristic of Gahnite before the blowpipe. 

It is dissolved by soda and borax together into a transparent 
glass, which is colored by iron. 

Silica, in the form of Quartz, Rock-Crystal, Hornstone, 
Chalcedony, Carnelian, Flint, &c., and Silicates. 

I shall not give a particular account of the behavior of all 
these different varieties, since small proportions of the metals 
often cause their reaction with the fluxes to differ. The prin- 
cipal characteristic is that already described under the head of 
silica. Some, like opal and pitchstone, give off water when 
heated in the matrass. This water, however, appears to be 
merely hygrometric moisture, as is the case with the dry lumps 
of silica obtained by the operations of analysis, in which the 
proportion of water varies with the hygrometric state of the 
atmosphere. Flint, which often includes calciferous petri&c- 
tions, can be melted in those places, since silicate of lime is 
formed. According to Turner, the varieties of pitchstone 
from Arran and Meissen, treated with bisulphate of potash and 
fluor spar, tinge the flame green, indicating the presence of 
boracic acid. 

I. Silicates with one base. 

• ... 
Neutral silicate of lime ^ CaSi, {C S^)^* from Aedelfoiss 

and Gjellebak, and 

* Since the mineraloffical, or more strictly s]^aking, the empirical formiilfle, 
present in a more simple manner the composition of the silicates, I shall give 
both kinds of formules with the silicates. 

11 
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TioO'tMrds silicate of lime^ Ca^Si*, (C S^), Table spar^ 
from Nagyag, Perhoniemi, Pargas, Gokum, and Capo di Bove. 

Alone in the matrass they undergo no change. On char- 
coal they fuse on the edges to a semi-transparent, colorless bead. 
They require a strong heat for fusion, and sometimes puff up. 
The mineral from Gjellebak* gives a reddish glass, and is more 
difficultly fusible. 

They are readily dissolved by borax into a transparent glass, 
which cannot be rendered opaque by flaming. 

They are dissolved by the salt of phosphorus, and leave a 
siliceous skeleton resembling iron. The glass generally be- 
comes opalescent on cooling. 

With a certain proportion of soda they are dissolved to a 
Webby glass ; if more be added they become infusible, and 
swell up. Table spar remains colorless, but the mineral from 
Gjellebak acquires a reddish tinge. The latter becomes green 
on platina foil. With the solution of cobalt they are far more 
fusible ; the fused edge is blue. ~ ..... 

Persilicate of lime^ Okenite^ from Greenland, Ca' Si* -|- 6 H, 

In the matrass it gives off a large quantity of water, without 
changing its appearance. 

In the forceps it fuses to a glass, which is milk-white on 
cooling. 

It is slowly but perfectly dissolved by borax ; the glass is 
transparent and colorless. 

It is much more slowly dissolved by salt of phosphorus, and 
does not give a siliceous skeleton. The undissolved portion is 
rounded and milk-white. If, however, the mineral be finely 
pulverized, it gives an ice-grey skeleton of silica, and an opal- 
escent glass. 

It dissolves with soda into a clear, transparent glass, which 
becomes opaque and milk-white on cooling. If a large excess 
of soda be employed, the excess sinks into the charcoal, and 
leaves an infusible slag. With soda on platina it dissolves into 
a transparent glass, which becomes milk-white on hardening^ 
and after cooling inclines to green. 

With cobalt the fused edges only are blue ; the assay, how- 
ever, .is rendered less fusible by the addition of the oxide of 

cobalt. 

.... 

Neutral silicate of magnesia^ MgSi, {MS^)y Soapst&ney 
from Wunsiedel, and 

Neutral silicate of magnesia with water ^ Mg Si -f- 2 H, 
(M S^ -|- 2 Aq)^ Meerschaum^ from Turkey and from Valeros in 
Spain. 



BEHAYIOR OF MINERALS BEFOBE TBB BLOWPIPE. 128 

Alone in the matrass they give off water, smell humt and 
blacken. Meerschaum gives considerably more water than 
soapstone. 

On charcoal they bum white again, shrivel together, and fuse 
on the thinnest edges into a white enamel. 

They are readily- dissolved by borax into a transparent glass. 

They are decomposed by salt of phosphorus, leaving a sili- 
ceous skeleton, which is transparent. The clear, colorless glass 
crystallizes on cooling. With a sufficient quantity of soda they 
fuse to a transparent glass ; if there is too little or too much 
soda, the bead is opaque. 

With the solution of cobalt they give a clear lilac color. 

Tiao'thirds silicate of magnesia^ Picrosmine, 2 Mg* Si' -|- 3 H, 
(2 MiS^-|- 3 Aq)^ from Engelsberg, near Presnitz, in Bohemia. 

Alone in the matrass it gives water, blackens and smells 
burnt. On charcoal it burns white without fusing. 

Borax slowly dissolves it into a transparent glass. 

Salt of phosphorus separates a siliceous skeleton, and gives 
a colorless glass. 

It fuses imperfectly with soda into a glass. 

With solution of cobalt it gives a pale and indistinct red. 

Picrophyll, Mg3 Si« + 2 H, (3 MS" +2Aq), from Sala. 

Aphrodite, 4 Mg' S> + 9 H, (4 MS^ + 3 Aq), from Lang- 
banshyttan. 

Monradite, 4 Mg' sV + 3 H, (4 MS^-^-Aq), from Bergens 
Stift, Norway. All these behave like picrosmine. Monradite 
has a part of its magnesia replaced by protoxide of iron, and 
for this reason gives with the fluxes the shades of color charac- 
teristic of iron. All these magnesian silicates give, with a small 
proportion of soda, a transparent, blebby glass ; but if the pro- 
portion of soda be increased, they swell up into an infusible slag. 

Pyrallolitey from Pargas, which consists principally of 

Mg3 S>, but gives the formula CS* -f 6 MS* + AS* + 2 Aq, 
according to Nordenskjold's analysis ; it behaves like picros- 
mine, but becomes rounded on the edges if the heat is strong, 
qpd gives with soda a glass which is transparent, and tinged by 
iron. 

Two-thirds silicate of magnesia, with hydrate of magitesia. 

Serpentine, 2 Mg^ Si* + 3 Mg BP, (2 MS" + MAf.) In this 
formula, the magnesia in the silicate is often partly replaced by 

Fe, which gives the serpentine its green and yellow colors. 
a. Precious serpentine, from Skyttgrufva, near Fahlun. 
Alone in the matrass it gives off water and becomes black. 
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On charcoal it burns white, and can be melted on its thin edges, 
in a strong flame, into an enamel. 

With borax it dissolves slowly into a transparent, greenish 
glass. 

It behaves like the last described mineral with salt of phos- 
phorus. 

With a' certain proportion of soda, it forms with difficulty an 
enamel- white, semi-fluid mass ; with a larger quantity, it swells 
up and becomes infusible. 

With the solution of cobalt it gives a red color. 

b. Common serpentine, yellow and translucent variety from 
Sala and Baireuth. 

Alone in the matrass and on charcoal, it behaves like the 
preceding. 

Borax dissolves it slowly, but in large quantity, and forms 
with it a glass, which can be rendered opaque by flaming. 

With salt of phosphorus, soda and solution of cobalt, it be- 
haves like the preceding. 

Hydrophite, (serpentine containing vcuiadium,) from Faberg 
in Sm&land, behaves like the former, but gives with borax and 
salt of phosphorus, in the reducing flame, a greyish-green salt. 

• • • • 

One-third silicate of magnesia. Olivine, Mg^ Si, in which 

Mg is replaced by Fe in any proportion. 

Alone it gives no water, becomes darker colored, especially 
on the edges, but does not fuse, and retains its translucency 
and color. Olivine which has been long exposed to the 
weather, gives, in the matrass, a considerable quantity of 
water. 

With borax and salt of phosphorus, it behaves like the last de- 
scribed mineral ; the glass is colored with iron, and does not indi- 
cate the presence of manganese when treated with saltpetre. 

With soda it fuses into a brown, slaggy mass. 

One-third silicate of zinc, 2 Zn^ Si + 3 H, (2 ZnS + Aq), 
Electric calamine, (Zinkkieselerz.) 

Alone in the matrass it decrepitates, gives oflT water and 
becomes milk-white, does not fuse, but puffs up a little in a 
strong heat. • 

It js dissolved by borax into a transparent glass, which does 
not become opaque by flaming or on cooling. 

With salt of phosphorus it fuses into a transparent glass, 
which becomes opaque on cooling. If a larger proportion of 
the assay be employed, traces of silica are seen in the bead. 

It is not dissolved by soda, but swells up, and gives, but not 
readily, fumes of zinc. 

With the solution of cobalt, at a moderate temperature, it 
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becomes green, but when strongly heated the assay acquires a 
beautiful light^blue color on its edges, and shows signs of fusing, 

while the blue color extends into the infusible portion. 

• ••• 

TujO'thirds silicate of the protoxide of manganese^ Mn' Si', ^ 
{mn 5^),* (Rubinspath, Rothbraunsteinerz,) from Langbans- 
hyttan. 

Alone in the matrass it undergoes no change. On charcoal 
it does not change till it begins to melt, when it gives in the 
reducing flame a semi-transparent glass, of the color of the 
mineral ; in the oxidating flame, however, it forms a black 
bead having a metallic lustre, from which the color can be 
discharged in the reducing flame. 

With borax in the reducing flame, it dissolves into a colorless 
glass ; in the oxidating flame the bead has an amethystine color. 

It is slowly attacked by the salt of phosphorus, leaves a 
siliceous skeleton, and gives a colorless glass, which acquires 
an amethystine color in the exterior flame. 

With a certain proportion of soda, it dissolves into a black 
glass ; with a larger quantity, it gives an infusible black slag, 
and with still more, it is absorbed by the charcoal. 

• • • • • 

One-third silicate of manganese^ M n^ Si -f- 3 H, {mn S 4- -4^), 
(schwarzer Mangankiesel,) from Klapperud, in Dahlsland. 

Alone in the matrass it gives a large quantity of water, which 
has no acid reaction, and afterwards emits an empyreumatic, 
gaseous vapor, and the black color of the mineral changes to 
a light grey. Heated to redness, it swells up, and its color 
becomes still lighter. On charcoal it intumesces, and after- 
wards fuses to a glass, which has a bottle-green color in the 
reducing flame, and is black and has a metallic lustre in the 
oxidating flame. 

It is readily dissolved by borax. The glass is strongly colored 
by oxide of manganese in the exterior flame, and slightly tinged 
by the protoxide of iron in the reducing flame. 

It is dissolved by salt of phosphorus into a colorless glass, 
which acquires an amethystine color in the exterior flame, 
leaving a skeleton of silica. 

. A certain proportion of soda dissolves it into a black glass ; 
a larger quantity gives a black slag, while the flux is absorbed 

by the charcoal. 

... ... 

One-ninth silicate of the sesquioxide of manganese^ Mn? Si, 
(Mn^ S), from Piedmont. 

Alone in the matrass it remains unchanged. On charcoal it 

* This miaeral can be classed with pyroxene, on account of the small 
quantity of lime which it contains. 



)• 
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fuses on the edges at a very high temperature, and retains its 
dark grey color. 

Borax dissolves it readily. In the exterior flame it acquires 
an amethystine color, and in the inner flame a faint tinge of 
the protoxide of iron. 

It dissolves readily with effervescence with the salt of phos- 
phorus, and the bead has a deep amethystine color. In the 
reducing flame, the glass becomes colorless, and leaves a sili- 
ceous skeleton uniformly divided through the mass, and is 
strongly opalescent on cooling. 

Soda does not dissolve it. 

One-third silicate of the protoxide of cerium^ oxide of Ian* 
tanium^ and oxide of didymium^ 

Cerite, l4 Si + 3 H, ( L I S + Aq 

from Bastnas, near Riddarhyttan. 

Alone in the matrass it gives off a large quantity of water, 
and becomes quite opaque. On charcoal it cracks, but does 
not fuse. 

It is slowly dissolved by borax ; in the oxidating flame a 
deep yellow glass is obtained, of which the color grows lighter 
on cooling, and this light yellow bead can be rendered milk- 
white by flaming. In the reducing flame the glass has a faint 
tinge of iron. 

The oxide of cerium is taken up by the salt of phosphorus 
with the usual play of colors. The glass becomes colorless 
on cooling, and silica remains undissolved, in the form of a 
white, opaque skeleton. 

It is not dissolved by soda, but partially fuses into a dark 
yellow, slaggy mass. 

Anthosiderite^ Fe Si^-I—H, from Minas Geraes, in South 
America. 

In the matrass it gives off water. 

Exposed to the flame alone, the yellowish-brown color of the 
assay changes at first to a reddish-brown, and then to black. 
Thin splinters fuse with considerable difficulty into an iron-grey 
slag, which has a metallic lustre, and is attractable by the mag- 
net. 

It is not dissolved by borax or salt of phosphorus, even after 
being pulverized ; but it communicates to these fluxes a tinge of 
the characteristic color of iron. 

It gives a black glass with soda. 
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Hidngerite, Fe» S? + 3 Fe Si + 15 H, (J?'S*+ SFS+ 5 
Aq), from Riddarhyttan, Bodenmais and GiUinge. 

Sideroschisolite, Fe'Si + Fe^ ff, (3 f^S-f jF' A^) ? from 
Conghonas di Campo, and 

ChhropJumte^ a silicate of iron, from Ferro, not yet analyzed, 
filling spherical cayities ; these minerals behave as follows : 

The two first give off water when heated in the matrass. 
They do not fuse, or undergo any change when heated on char- 
coal, but become magnetic. 

They are slowly dissolved by borax and salt of phosphorus, 
and give beads strongly tinged with iron. 

They fuse to a bl^k glass with soda. 

The latter contains no water, but fuses to a black glass, and 
in other respects behaves like the two former. Neither of them 
gives any trace of manganese, when treated with soda on the 

platina foil.* 

. ... 

Pitchblende^ U U, (Uranpecherz,^ from Johann Georgenstadt 

Alone it does not fuse, but held m the forceps it colors the 
exterior flame green. 

With borax and salt of phosphorus it behaves like the oxide 
of uranium. 

It is not dissolved by soda, but emits the smell of arsenic, 
and gives white metallic globules of iron and lead, by reduc- 
tion in the usual way. 

. ... . 

TiffO'thirds silicate of the oxide of copper^ Cv? Si^ -|* 3 H, 
(Cm S^-^- Aq)i Dioptase^ from the country of the Kirghese. 

Alone in the matrass it gives off water, and turns black. On 
charcoal it becomes black in the outer flame, and red in the 
inner flame, without fusing. 

It is readily dissolved by borax, with indications of the pres- 
ence of copper. The bead has the property of tinging the 
exterior flame green for an instant, when gently heated in it, 
which phenomenon is not repeated, if the heat be continuously 
applied ; but if the bead be first allowed to cool, and then be 
heated again, the same color will be communicated to the 
flame. This is not the case with pure oxide of copper. In a 



3 name of Uising'erUe. I have included another mineral, from the 
linge in Sodermanlana, which is principally a hydrated ftilicate of 

r^F^imtt^*% amiiPA/l t»t*^»\rAfw*t9 tt\ TTTaT«7/a'C«'D 'c Anal veto mnif n a etmall 



* Under the 
iron mine Gillins 

the protoxide of iron, mixed, according to Hisinges's Analysis, with a small 
amount of alumina. Its behavior before the blowpipe is as follows : 

Alone in the matrass it gives off water : on charcoal or in the forceps it 
swells up and ramifies, and tnen fuses to a black glass with a dull surface. 

Borax and salt of phosphorus dissolve it readily, ^ving the reaction of iron ; 
in the salt of phosphorus a siliceous skeleton remams. 

With soda it gives a black glass, and beeomes green on platina foil. 
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Strong reducing flame, a grain of metallic copper is obtained 
from the borax glass, and the bead can be rendered colorless 
by heating. 

It is readily dissolved by salt of phosphorus, giving the re- 
action of copper, but leaves a siliceous skeleton, vi^hich can be 
best seen when the glass is heated in the exterior flame and 
then allowed to cool. The flame is not colored when this flux 
is used. 

It dissolves with soda into a dark opaque glass, which be- 
comes red internally on cooling, and envelopes a grain of 
copper. With a larger proportion of soda, it is absorbed by 

the charcoal, and leaves metallic copper on its surface. 

• .... * 

One-third silicate of the oxide of copper^ Cu' Si -f- 3 H, 
(Cm 5 -f- J.^), Chrysocolla^ (Kieselmalachit,) from Siberia. 

It behaves, in all respects, like dioptase. The only notice- 
able difference is, that the dioptase requires more soda before it 
sinks into the charcoal, and that the copper can be reduced 
in the chrysocolla bead so that it becomes colorless. 

Remttrk. When dioptase or chrysocolla are treated with 
the fluxes without being previously ignited, they dissolve with 
efiervescence, which is occasioned by the escape of water and 
by the presence of carbonic acid, which is not uncommon in 

the chrysocolla. 

•«. ... 

One-third silicate of glucina^ G Si (GS^), Phenakite. 

Gives off* no water. It is infusible and unchangeable, even 
after being pulverized. 

Borax attacks it so slowly, that it appears to be insoluble in 
that flux. When pulverized, however, it dissolves readily into 
a transparent glass. If the glass is strongly saturated, on 
being flamed it exhibits flocks, which do not easily dissolve 
when the bead is remelted. 

Its behavior with salt of phosphorus is the same. 

With a small portion of soda, it fuses to a milk-white bead, 
which swells up on the addition of a larger quantity, and 
becomes a white, infusible slag. 

It does not give a blue color with cobalt. 

Neutral silicate of alumina,, Agalmatolite^ from China, Al Si* 
(ilS^), according to Lychnell; Klaproth and Vauquelin, 
however, found in it between six and seven per cent, of potash, 
and Rammelsbebg gives, according to their analyses, the 

formula (K Si + Al S>) + 3 (Al Si + H). The agalmatolite 
is probably found in different localities in China, and varies in 
composition. That used for blowpipe examination in this case 
was taken from a Chinese image. 
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Alone in the matrass it gives off water, which smells humt. 
The assay turns black, as is generally the case with serpentine 
and silicates of magnesia. On charcoal, it bums white, be- 
comes covered with fine scales on the surface, and exhibits 
on the edges signs of fusion. 

With borax, it dissolves with effervescence into a trans- 
parent, colorless glass ; a portion remains undissolved at first, 
which afterwards dissolves very slowly without effervescence. 

Salt of phosphorus does not decompose it. It effervesces 
strongly, a^er which the fragment, a little diminished in size, 
remains entirely infusible. 

With a little soda, it fuses to a clear glass ; with a larger 
quantity, it gives a clouded bead, which does not easily liquefy. 

It gives a beautiful blue with the solution of cobalt. 

Waceenboder analyzed a Chinese image, of which the 

• • • •• • 

composition can be represented by Mg H -j- 5 Mg Si. This 
might have been a kind of steatite, and, as such, would give 
the usual reaction of the silicates of magnesia with the solu- 
tion of cobalt. 

Basic siliccUes of alumina. 

Worthitey Al ff + 5 AlSi {AAq + bAS), from Petersburg. 
Bamlite, Al S> + Al {A^ S'), from Bamle, in Norway. 
Xenolite, Al Si' + 2 Al {AS), from Peterhoff. 

Andalmite, Chiastolite, Fibrolite, M Si' + 3 Al {A* S'), 
from various localities. 

Kyanite, Disthene, Rhdtizite, 2 Al Si' + 7 Al (il' S% from 
various places. 

All these minerals, with trifling exceptions, behave alike. 

Alone they undergo no change when ignited, but at a high 
temperature they become white, without fusing. Their powder 
is also infusible. Rhatizite becomes red at a moderate heat, 
but if the temperature be raised it changes to white. Worthite 
gives off water in the matrass. 

They are gradually dissolved by borax into a transparent, 
colorless glass. 

With salt of phosphorus they are partially dissolved, and 
leave a blebby, semi-transparent skeleton of silica. The bead 
is not particularly opalescent on cooling. 

With a certain proportion of soda they fuse to a blebby, 
semi-transparent, rounded mass. If kyanite be heated with 
soda till it begins to fuse, the mass acquires a faint rose-red 
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^ge, and the colored porticm is transparent. The color disap- 
pears at a high temperature and in the interior flame, and 
cannot he restored hy heating in the outer flame. This color 
is best obtained by a larger proportion of soda on the platina 
wire, since the soda is liable to be absorbed by the charcoal, 
before it can act upon the a^say. The red color is far more 
evident in the kyanite of St. Gothard than in specimens from 
Norway, and with the rhatizite the glass has a yellowish tinge 
oaly. With a larger proportion of soda they swell up and do 
not fuse. 

With the solution of cobalt, at a high temperature, they give 
a fine dark-blue color. 

Addition. Varieties of clay, 

a. Fuller'*s earthy from England. 

Alone in the matrass it gives off water, becomes at first 
lighter and then darker, and emits an empyreumatic odor. 
The water has a slight ammoniacal reaction. On charcoal it 
splits in pieces violently, unless very slowly heated. It burns 
white, and fuses into a white blebby glass. 

It is dissolved by borax with difficulty, so that the last re- 
maining portion requires long-continued blowing before it 
becomes perfectly dissolved. The glass is clear and colorless. 

Salt of phosphorus dissolves it into a transparent glass, leav- 
ing a siliceous skeleton, which, afler a strong heat, becomes 
opalescent on cooling. 

It dissolves with soda into a bottle-green bead. 

With the solution of cobalt it becomes black. 

b. Cologne earth. 

Alone in the matrass it gives off water, like the preceding, 
but the water is not alkaline. On charcoal or in the forceps it 
must be slowly and gradually heated, or else it flies in pieces ; 
at a high temperature it fuses into a white glass on its thin 
edges. 

It behaves with soda, borax and salt of phosphorus, like the 
preceding variety. 

With the solution of cobalt it gives a blue color, which, how- 
ever, is not clear. 

c. Clay from Stourbridge, from Rouen, and from the coal- 
mines near Hogenas, or the so-called fire-clays^ AS^.* 

In the matrass they behave like the foregoing. Carefully 
heated on charcoal they lose their dark-brown color and be- 
come white. At a high temperature, they are converted on 

* This formula is computed from Sefbtrom^s analysis of the Stourbridge 
and Heisingborg clay, ia the " Annalen des Eisencomptoirs " for 1820. 



BEHAVIOE OF MINERALS BEFORE THE BLOWPIFE, 131 

thin edges iiito a slaggy, colorless glass ; they do not fuse into 
a head. 

With borax and salt of phosphorus they behave like the 
pteceding. 

With soda they dissolve readily into a transparent glass, 
n^hich is tinged with iron. 

They give a pale blue color with the solution of cobalt. 

Remark, The varieties of clay are, in general, silicates of 
alumina, with varying proportions of alumina, which contain 
water in chemical combination, as well as hygroscopic mois- 
ture. MiTSCHERLicH has observed that they all contain potash, 
some in as large proportion as 4 per cent. The red varieties 
of clay contain peroxide, the blue clays the magnetic oxide of 
iron. The latter become red when heated in the outer flame, 
and black in the interior flame ; with a strong heat they can be 
fused into a black or J)ottle-green glass, or they become c<mi- 
verted into a black slag. In some the alumina is replaced 
by the oxide of chrome ; for instance, in the varieties from 
Miloschin or Serbian ; these give with the fluxes the reaction 
of chrome. 

• • • • • • 

One-third silicate of zirconia^ Zr Si, {Zr S)^ Zircon and 
Hyacinth^from Ceylon, Finbo, Fredriksvam and Expailly. 

Alone the colorless transparent variety remains unchanged. 
The red (hyacinth) loses its color, and becomes transparent, or 
very slightly yellowish. The opaque brown variety from Fred- 
riksvam loses its color and becomes white, resembling glass 
full of flaws. The dark variety from Finbo gives a little water, 
becomes milk-white, and appears as if it had effloresced. 
Neither can be fused, either when pulverized, or on the edges 
of the thinnest splinter. 

The zircon is slowly dissolved by borax into a transparent 
glass, which at a certain point of saturation can be rendered 
opaque by flaming, and if a larger proportion of the flux be 
added, it becomes clouded of itself on cooling. 

The zircon is not attacked by salt of phosphorus. A frag- 
ment heated in this flux retains its sharp edges, and even when 
pulverized it remains so unchanged, that it is impossible to 
decide whether it has been attacked or not. The glass remains 
quite colorless, or becomes milk-white when the powder is 
added to it, both in the oxidating and reducing flame, so that it 
is impossible to detect the titanium which Chevreul found in 
«pecimens from Ceyk)n, and John in the Norwegian zircon.* 

* In examining the rounded grains of hyacinth, which are known by the 
name of " Edelsteingrus," of which the greater portion are spinels, I found 
grains which resembled hyacinths, and which dissolved in the salt of phos- 
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It is not dissolved by soda ; this fluz attacks it slightly on the 
edges, and then sinks into the charcoal. Most varieties of 
zircon show the presence of manganese on platina foil. 

One-third silicate of thoHna, W Si + 3 H, ( TA S + Aq), 
Thorite^ from Lovon. 

In the matrass it gives off water, and becomes brownish-red. 
On charcoal it is infusible. 

It is readily dissolved by borax ; the saturated glass becomes 
opaque on cooling, but cannot be made so by flaming, as long 
as the glass remains transparent after cooling. The glass is 
tinged with iron. 

It is dissolved by the salt of phosphorus, and leaves a sili- 
ceous skeleton. The glass is slightly tinged with iron, and be- 
comes opalescent on cooling. 

With soda, on charcoal,* it forms a yellowish-brown slag. 
On platina the melted soda around the a^say becomes green. 

By reduction with soda, malleable globules are obtained, 
which indicate a small amount of lead in the mineral. 



n. Silicates with several bases. 

A. Silicates of an alkali or alkaline earthy and silicate of 
alumina^ united with water of crystallization, 

CronsiedVs Zeolites, 

I have here united together these minerals, which almost all 
belong to the volcanic rocks, since they resemble each other so 
much in their behavior before the blowpipe, that they can rarely 
be distinguished by it. They are as follows : 

Apophyllite, k Si« + 8 Ca Si + 16 H, 
(KS'+8C 8^-^16 Aq). 



... ... 



Chahasie, ^.f \ S? + 3 Al Si» + 18 H, 
IL ' 

phorns, giving a faint tin^e of titanium. It is possible that a mixture of these 
ivas the occasion of finding titanium in the Ueylon zircon. As to Johk*8 
statement it is evident from his own description, that what he considered ti- 
tanic acid was not so. Any one who wishes to prepare zirconia from the 
Ceylon mineral will do well to ignite the zircons and nyacinths, and then se- 
lect the colorless grains, since those which do not lose their color are spinel, 
essonite, or pyrope. 



■ I «■ m 
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Gmelinite is a variety of chabasie, in which a portion of the 
alkalies is replaced by magnesia. 



•«• >■• 



Mesotype, Na Si + Al Si -|- 2 H, 

2(Ca Si + AlSi + 3H), 
{NS^ + 2CS^ + 9AS+8Aq). 

Mesole Na^ Si' + 3 Al Si + 6 H, 
2(Ca'Si' + 3 AlSi + 9H), 
{NS'' + 2CS^-\'9AS+Aq). 

Analcime, Na? Si' + 3 Al SP + 6 H, 
{NS^ + SAS^ + 2Aq). 

Capordanite is an analcime, in which a small portion of the 
soda is replaced by potash and magnesia. 



•• • •• • 



Thr^^ii, Na»Si + 3AlSi + 3H, 
i nomsontte* . ... ' * 

3(Ca«Si4-3AlSi+9H), 
{NS + SC S+12 A S+ 10 Aq). 

* I prefer to arrange the formulae in this way, since it shows that the mino- 
ral is a combination of two double salts. The si^, 2 (), implies that all the 

rbols in the following formula mast be multiplied by the preceding numer- 
There are several combinations of these salts, as, for instance, the Meto- 
liiej of Hauenstein, which consists of 

NaSi + AlSi + 3H 
CaSi + AlSi+2H 

and therefore contains only one atom of each double salt, and one atom more 
of water in the first. Moreover, the alkalies and lime replace each other in 
various proportions, which cannot always be arranged according to exact pro- 
portions. In such a case it is necessary to give the formula a more general 
expression, e. g. 



Na 
Ca 



\ ... ... ... 

} Si + ^SL 



The formulsB of substitution, proposed by L. Svakberg, deserve, in this re- 
spect, attention, since by (heir aicf the relative proportions of the substances 
can be given. Thus, for instance, the preceding formula may be thus written : 

R Si' + AlSi (R = Na 5.40 per cent. + Ca 9.87 per cent) 

There are also varieties of mesolite in which 

R = Na 7.694-Ca7.09. 
12 
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StUhUe* Ca Si + Al S? + 6 H, 

Heulandite, 3 Ca Si + 4 Al Si' + 18 H, 

Brewsterite. This mineral has the same formula as the Heu- 
landite, with the exception that ^ of the soda is replaced by an 
equivalent amount of lime. 



• •• • 



I • • •« • 



Laumonite, Ca' Si^ + 4 Al Si' + 18 H, 
{CS' + 4AS^ + 6Aq). 

Baryt'HarmoUme, 2 Ba' Si* + 7 Al Si' + 36 H, 

(Ba5* + 7ilS'+6^^), 

in which a portion of the baryta is sometimes replaced by a 
very trifling amount of potash. 

Ume-HamwUme, . ^ [ Si' + 4 Al Si' + 18 H, 

V* I Si»-f 4AlSi + 15H, 

SeolezUe, Ca Si + Al Si + 3 H, 
{CS^' + dAS + ^Aq). 

Preknite, Ca'Si + Al Si -f H, 
(C'S' + 3^S + J.g). 

EdingUmite has been so imperfectly examined that a form- 
ula cannot as yet be given for it. 

The general and common behavior of the zeolites is as fol- 
lows : Uiey give off a large amount of water in the matrass ; 
the greater portion of them become opaque and milk-white. 

Obi charcoal they swell and intumesce. This intumescence, 
which gave a name to the family of Zeolites (from ^icu, 1 boil), 

* B^natilbite is the same combination, with only 5 atoms of water, and in 
which a small portion of lime is replaced by soda, which is also the case in 
Hauy's SHOriU dotiecagdre lameU\forme. 
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seems to be of the same nature as the crumblmg of arragonite, 
and the loss of transparency of bitter spar when heated to 
-f- 50® centigrade, which is due to a change in the relative po- 
sition of the particles, and not to the escape of any volatile 
substance. — ^They afterwards fuse to a colorless glass, which is 
transparent, though it appears milk-white from the number of 
bubbles which it encloses. 

They are readily dissolved by borax into a colorless glass. 

They are decomposed by salt of phosphorus. The silica 
swells up in the bead, remains transparent, and sometimes ab- 
sorbs nearly the whole of the flux. 

With soda they fuse to a transparent glass. 

Some of the zeolites exhibit peculiar phenomena, which may 
serve to distinguish them from each other. 

Apophyllite swells up in the direction of the foliated cleav- 
age. Its saturated solution in borax can be rendered opaque 
and milk-white by flaming. In the open' tube it gives the re- 
action of fluoric acid. 

Mesotype becomes opaque, if large crystals are employed, 
and fuses without intumescence. The acicular crystals swell 
in the direction of their length, a circumstance from which it 
may be inferred that it contains a mixture of mesolite. 

Analdme becomes at first milk-white as it loses its water, 
and afterwards fuses at a higher temperature, without intume- 
scence. 

Laumonite begins to intumesce when merely kept exposed to 
the air, when it swells up and crumbles to powder, but this is 
not occasioned by the loss of water. When fused, the glass is 
first enamel-white, but if remelted at a higher temperature it 
becomes transparent. 

Prehnite does not lose its transparency in losing its water. 
Koupholite^ a variety of the same, which often contains dust 
from the way in which it is found, blackens and emits a burnt 
odor ; the carbon can be entirely burnt away without destroy- 
ing the transparency of the mineral. They both intumesce, 
and give a glass with soda with considerable difiiculty. 

Baryl'harmotome fuses without previous intumescence. With 
a small quantity of soda, it gives a transparent glass ; with a 
larger portion, the glass becomes opaque on cooling, and can 
be rendered milk-white by flaming. 

Silicate of soda and potash^ with one-half silicate of Kme^ 
3^*{si + 4Ca^Si^ + 3H (^l ^ + 4 C S" + AqV 
Pectolite^ from Monte Baldo. 



f 
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This mineral generally contains weathered portions which 
are united to the transparent mineral. 

a. Transparent portion. 

Alone in the matrass it gives off wat«r, loses its transpa* 
rency, and crumbles, when gently touched, into acicular frag- 
ments. 

In the forceps it fuses quietly into a transparent glass without 
intumescence. 

With borax it gradually dissolves into a transparent glass. 

With the salt of phosphorus it gives a siliceous skeleton, and 
an opalescent glass. 

With soda it swells up like a zeolite, and fuses into a blebby, 
colorless slag. 

With the solution of cobalt it acquires a blue color, bordering 
on purple, even before fusing. 

b. Weathered portion. 

It gives off a large quieuitity of water in the matrass. It 
does not fuse on charcoal or in the forceps. It gives with soda 
a transparent glass. With cobalt it gives a purple-blue color, 
and resembles, in other respects, the transparent portion in its 
behavior. 

Two-thirds silicate of soda and lime^ with one-third silicate 
of alumina. 

BrevidtCy from Brewigen, 

Na' |si2 + 3AlSi + 6H {^\S^-{-SAS+2Aq\. 

In the matrass it gives off a large quantity of water, but 
changes its appearance very little. , 

In the forceps and on charcoal it melts into a colorless blebby 
glass. 

It is readily dissolved by borax into a transparent glass. 

It is decomposed and leaves a siliceous skeleton with the 
salt of phosphorus, giving an opalescent glass. 

With soda it does not form a glass, but gives a white slag ; 
on platina it does not color the soda. 

B. SUicates of alkalies or alkaline earths^ combined with siU 
icates of alumina^ tcithout chemically combined water. 

Supersilicates of an alkali and alumina. 
Baulite, ? \ Si* + Aisi« /^i S^'+S AS'V 

from Baulabjerg, Iceland. 
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Alone in the matrass it gives a small quantity of moisture. 

Strongly ignited in the forceps, it is at first transparent and 
resembles ice, but afterwards fuses at the point to a transpa- 
rent, colorless glass, but cannot be melted to a bead, unless the 
splinter is very small. 

It is very slowly dissolved by borax. If previously pulver- 
ized it is readily attacked. The glass is transparent and color- 
less. 

In the salt of phosphorus it dissolves very slowly, but when 
pulverized it is decomposed, and a siliceous skeleton is sepa- 
rated, which fills the bead, so that it is no longer liquid. This 
can be dissolved, however, by the addition of a large portion 
of the salt of phosphorus. The glass is transparent and color- 
less, but becomes opalescent on cooling. 

With soda it fuses with effervescence into a transparent, 
colorless glass. 

With the solution of cobalt it becomes black, and the fused 
portions only are blue. 

KrcMite, ^.^ i Si^+AlsV (^ } 5« + 3 jisA, 

from Kraftinnahruggr, Iceland. 

Alone in the matrass it gives rather more water than the 
preceding, but does not lose its reddish-grey color on cooling. 

In the forceps it acquires an icy appearance, and fused at 
the point to a transparent, colorless glass. The portion which 
resembles ice is mingled with transparent, brownish portions. 

With borax and salt of phosphorus it behaves exactly like 
the preceding. 

It dissolves with soda, and gives a bottle-green glass. 

With the solution of cobalt, it gives a black glass. 

Petditt, 3 ^ [ SP + 4 Al SV l^\ S« + 4 ^S^ y 

from Uton, behaves exactly like feldspar ; but, when finely pul- 
verized, if mixed with the bisulphate of potash and fluor spar, and 
fused on platina foil, it tinges the flame red, around and before 
the assay. 

Spodumene^ Triphane^ 

3^ j S> + 4AVs?( J} S* + 4j1S«), . 

from Uton and Tyrol. 

Alone in the matrass it is deprived of its water, and be- 
comes white, and less transparent than before. On charcoal, 

12» 
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it intumesces like the double silicates of lime and alumina, and 
afterwards fuses to an almost transparent and colorless glass. 

With Sorax, it also puffs up, but is not readily dissolved; 
the swollen mass becomes transparent and rounded, but re- 
mains for a long time without dissolving. 

In the salt of phosphorus, it swells in the same way, but is 
tolerably readily dissolved, leaving a siliceous skeleton. 

With soda, it intumesces, and is afterwards dissolved to a 
transparent glass, which becomes opaque on the addition of 
more soda, but does not become less fusible. 

With the solution of cobalt, it gives a blue glass. 

With the bisulphate of potash and fluor spar, it behaves like 
petalite. 

NeiUral silicate of alumina and potash^ K Si -^ Al Si^ {KS^ 
-f 3 AS^), Feldspar. 

Alone in the matrass the transparent varieties do not give 
off water. The splintered and weathered specimens often 
give off a considerable quantity, which was mechanically in- 
cluded in the fissures. On charcoal, it becomes in a strong 
-heat glassy, semi-transparent, and white, and fuses with diffi- 
culty on the edges to a semi-transparent, blebby glass. It is 
^exceedingly difficult to fuse it. 

It ia very slowly dissolved by borax, without effervescence, 
into a transparent glass. 

Salt of phosphorus attacks it very slightly. Pulverized, it is 
decomposed, and leaves a siliceous skeleton, and the bead 
becomes opalescent on cooling. 

It is slowly dissolved by soda with effervescence into a 
transparent and exceedingly infusible glass, which can be 
rarely obtained free from bubbles. 

With the solution of cobalt it becomes blue, but only on the 
fused edges. 

Turner observes that he obtained from several varieties of 
feldspar, by the use of bisulphate of potash and fluor spar, a 
flame tinged with green, indicating the presence of boracic 
acid. 

. ... .a.... 

Neutral sUicate of alumina and soda^ Na Si -f- Al Si^, {NS^ 
-|- SiljS^), Albite^ behaves like feldspar. 

Albite and feldspar can, however, be distinguished from 
each other by the blowpipe, if they be dissolved in glass of 
borax, in which oxide of nickel has been previously dissolved. 
Feldspar colors the bead blue, or dark purple ; with albite, on 
the contrary, it retains its original brown color. It must be 
observed, however, that a very trifling proportion of potash in 
the albite causes it to give the same reaction as feldspar. 
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Neutral sUicate of soda vyith two-thirds silicate of alumina^ 

NaSi + AlS?, ( JV5f' + 3 ^S*), Soda-spodumene, from the 
granite around Stockholm (the soda is partially replaced by 
potash, lime, and magnesia) ; it behaves like feldspar, but 
fuses so much more readily into a transparent glass, that this 
circumstance alone is sufficient to distinguish the two from 
each other. 

Two-thirds silicate of alumina and potash^ K^Si* + 3 Al Si^ 
{KS^ + 3 -4S*), LetLcitCy Amphigene, 

Alone in the matrass it does not give off water. On char- 
coal, it undergoes no change, and does not fuse, even when 
pulverized. If the powder be mingled with a very small 
quantity of carbonate of lime, it shows distinct signs of fusion. 

It is dissolved by borax slowly, but in large quantity, into a 
transparent glass. 

It is very little attacked by. salt of phosphorus, either in 
fragments or pulverized; but it becomes transparent in the 
bead, and has the same degree of refraction, so that it is al- 
most impossible to distinguish the undissolved portion. It can 
be observed, however, when an attempt is made to flatten the 
melted bead against a hard substance. 

With soda it dissolves slowly with effervescence to a trans- 
parent, but blebby glass. 

With the solution of cobalt it gives a fine blue, without 
fusing. 

Neutral silicate of soda and lime^ with one-third silicate of 

alumina, ^* .?? + t^.l?.^ {NS^ J- 3 C^3 + 12 ^.S^), 
3(CaSi + AlSi 

Lahradorite, from Labrador, behaves exactly like feldspar, 

and even gives a blue bead with the oxide of nickel and borax. 

Two-thirds silicate of soda and lime, with one-third silicate 

of alumina, 9*' i S? + 2 AISV f^| S^ + 2ASj, 

Wemerite, Paranthine, Scapolite, 

a. Meionite, from Vesuvius. 

Alone in thin splinters it gives off bubbles at certain points, 
which cause the whole mass to boil and foam violently for a 
long time. It gives a transparent, blebby glass. 

It is dissolved by borax slowly with continuous effervescence 
into a transparent glass. 

It is decomposed by the salt of phosphorus with effer- 
vescend^, gives a siliceous skeleton, and becomes opalescent 
on cooling. 
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It is slowly dissolyed by soda, with strong intumescence, 
into a transparent glass* It requires a lai^ quantity of soda, 
and remains for a long time opaque on the edges. 

With the solution of cobalt it gives a blue color, but only 
on the fused edges. 

b. Wemerite^ from Pargas. 

Alone in the matrass it gives off a small quantity of water, 
but does not lose its transparency. On charcoal it undergoes 
no change at a moderately red heat ; but at a higher tempera- 
ture it fuses and swells up; afler this it forms a colorless, 
uneven, opaque mass, looking like ice, and becomes infusible. 

With borax it dissolves with continuous efiervescence into a 
transparent glass. This continues to effervesce, even after it 
has been so long fused that it has ceased to intumesce. 

Salt of phosphorus decomposes it in the same way, with 
effervescence. 

With soda it fuses slowly to a transparent glass, which 
becomes still more infusible if more soda be added* 

With the solution of cobalt it gives a blue glass. 

c. Wernerite^ from Malsjo. 

Alone it becomes milk-white before it begins to fuse, and 
afterwards melts to a colorless glass, which is rendered opaque 
by bubbles. In the open tube it gives the reaction of fluoric 
acid. 

Borax and salt of phosphorus decompose it with efikr- 
\vescence, as they do the preceding. 

With soda it fuses very readily into a transparent glass, 
which does not swell up or become infusible on the addition 
of a farther quantity. 

d. Wemerite^ from Arendal (Paranthine vitreux — Hauy), 
behaves exactly like the preceding. 

e. Dipyre^ from Mauleon, behaves exactly like the Wemer- 
ite from Malsjo. It gives off, like the others, a small quantity 
of water, without losing its. transparency, and seems, in spite 
of Vauquelin's analysis, to be a scapolite. 

f. Ekehergite^ from Hesselkulla and Pargas. 



*• . ... 



3Ca'Si« + 2AlSi ins^a^sCS' + SAS). 
Na'Si«+2AlSi 

Alone in the matrass it gives off a little water, but does not 
change its appearance. On charcoal it becomes white and 
opaque, puffs up a little, and afterwards fuses into a colorless, 
blebby glass. 

It dissolves like scapolite with borax and salt of f^hospho* 
rus, with effervescence. 
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It fuses, like the scapolite from Pargas, with soda, with great 
difficulty, into a transparent, greenish glass. 

TwO'thirds silicate of soda with one-third silicate of alumi* 

«a, Na' S> -f 2 AlSi, {NS^ + 2AS), Sodalite, from Vesu- 
vius, where it occurs with garnet ; * it is contaminated with 
hydrochloric acid. 

' In the matrass it does not change, and does not give off 
water. 

On charcoal it does not lose its transparency, and fuses less 
readily than Wemerite but more so than feldspar, into a blebby 
glass. • 

It is dissolved slowly and without effervescence by borax, 
into a transparent glass. . The assay divides itself through the 
flux, the undissolved portion resembling a siliceous skeleton. 

It is slowly dissolved by the salt of phosphorus, but the un- 
dissolved portion does not divide itself in the flux. 

It fuses slowly into a blebby glass with soda. 

One-third silicate of alumina^ potash and soda^ 

|f } Si + 2AlSi (^}s^ + 6iis), 

Elaeolite. The potash and soda often replace each other in 
such large proportion that the following species have been 
formed. 

a. Elaeolite,, from Fredriksvam. 

Alone in the matrass it gives off water, but does not change 
its appearance, or lose the degree of transparency which it had 
at first. 

On charcoal it fuses with considerable facility, and slight in- 
tumescence, into a colorless, blebby glass. 

It is dissolved by borax, like mesotype, at first readily, but 
it leaves a semi-transparent substance, which requires to be 
heated for a long time before it disappears. 

It is dissolved by the salt of phosphorus with great difficulty, 
and leaves a siliceous skeleton. The glass is opalescent on 
cooling. 

With soda it gives a glass with the greatest difficulty, which 
is scarcely fusible, and which it is difficult to obtain clear. 

With the solution of cobalt it becomes blue on the fused 
edges. 

b. Nepheline^ from Vesuvius. 

Alone on charcoal it becomes rounded on the edges, but 

* Tbollb-Wachtmeisteb, in Poogeitdoiiff'b Annals, II. p. 14. 
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does not appear to intumesce at all. It cannot be perfectly 
fused into a bead, but it gires a colorless, blebbj glass. 

It is dissolved by Ixmx slowly and without effervescence, 
into a transparent, colorless glass. 

* It is dissolved by salt of phosphorus without hissing, and 
leaves a siliceous skeleton. The bead becomes opalescent on 
cooling. 

With soda it firist swells up, and then dissolves into a trans- 
parent, blebby glass. 

The solution of cobalt ^ives to the unmelted mass of the 
powder a gre)rish-green cojor, and to the fused edges a grey- 
ish-blue. 

One-half silicate of potash and limCy toith one-third siliaUe 
of alumina^ 

Na' >Si» + 6AVSi+6H, ( iV (s« + 6-4S + 3^^ J 
Mg3J Viif) J 

RositCj from the lime quarry at Aker. 

Alone in the matrass it gives off water, its red color disap- 
pears, and it becomes colorless. 

Heated in the forceps it does not swell up, and does not 
Aise, except in very thm splinters, when it fuses to a white 

slag. ... 

In borax it dissolves with effervescence, the glass is colorless 
and transparent. 

It is very slowly dissolved by salt of phosphorus. The un- 
dissolved substance becomes rounded and milk-white. Pulver- 
ized it gives a siliceous skeleton. 

With soda it forms gradually a transparent, colorless glass, 
which does not become infusible or slaggy by the addition of 
more soda, which distinguishes it from the next mineral, which 
it very closely, resembles. On platina foil it gives a weak but 
distinct color of manganese. 

Tioo-thirds silicate oflime^ tpith one-third silicate of alumina, 

Fe« >Si+2AfSi( JP» Is' + SilsY 

Amphodelite, from various primitive lime beds. 

It gives in the matrass water, without changing its appear- 
ance. 

On charcoal it becomes milk-white at a white heat, and then 
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fuses, without intnmeacence, and slowly, into a colorless, blebby 
glass, which cannot be melted into a bead. 

Borax dissolves it slowly and without efiervescence to a 
transparent glass, for which, however, a large quantity of the 
flux is requisite. 

Salt of phosphorus dissolves it exceedingly slowly. It does 
not swell up, but becomes rounded on the edges, and milk- 
white. 

The powder is easily decomposed, gives a siliceous skeleton, 
and a transparent, colorless, opalescent glass. 

With soda a white slag is obtained, which is not liquid even 
with a smaller quantity of the flux. 

With the solution of cobalt a fine blue color is obtained. 

Neutral silicate of magnesia^ protoxide of iron^ protoxide 
of manganese^ potash and soda^ ivith one-third silicate of alu- 
mina. Pyrargillitey from Helsingborg. 

Fe 

Mg / M \ \ 

iln >Si+AlSi I mn YS'+SAS + 4Aq J. 

It gives off a large quantity of water in the matrass, without 
changing its appearance. 

It is infusible, but becomes somewhat glassy in the strongest 
possible heat. The assay then appears to be covered with a 
greyish- white, ruptured crust. 

Borax dissolves it very slowly. The undissolved portion re- 
mains whitish-grey, and cracked upon the surface. The glass 
is colored with iron, but its color disappears on cooling. 

It behaves in the same way with the salt of phosphorus. 

With soda it swells up and forms a grey slag, which has a 
greenish hue as long as it remains warm. It does not give a 
green color on platina. 

Neutral silicate of lime^ with two-thirds silicate of alumina^ 

Ca Si + Al S> {CS^' + SA iSr«), lAme-oligoclase, (Havnefjpr- 
dit,^ from Havnefjord, Iceland. 

Alone in the matrass it gives a slight trace of moisture. 

In the forceps it melts at a high temperature, and gives a 
transparent, colorless, somewhat opalescent glass. 

It dissolves with borax slowly, but, if pulverized, readily, 
into a transparent glass. 

It is rather more readily dissolved by the salt of phosphorus. 
If pulverized it gives a swollen siliceous skeleton. 
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With soda it gives a transparent glass. On pladna foil it 
exhibits a faint reaction of manganese. 

With the solution of cobalt it becomes black. 

Neutral silicate of lime, vnth one^third silicate of alumina, 

• • •• 

Anhydrous scolezite, (of Nordenskjold,) from Pargas, Ca Si-j- 

Al Si, (C S^ -\-S A S), behaves like Wemerite from the same 
locality, but gives rather more readily a transparent glass with 
soda. 

One-third silicate of lime, magnesia and alumina, 

Anorthite, ^^'^} + ^ '^]^'} J MS+C S+2 A s), 
Ca«Si+2AlSi V / 

from Vesuvius, behaves like soda, with this difference, that it 
gives with soda, not a transparent, but an enamel-white glass, 
m whatever proportion the flux may be added. 

Addition. Andalusite, from Fahlun. 

Alone it becomes white in spots, and remains in other por- 
tions unchanged, without fusing, either in thin splinters or 
when pulverized. 

Borax dissolves it slowly, even when pulverized. The glass 
is transparent and colorless. 

With salt of phosphorus it is slowly attacked, and mostly on 
the edges. The transparent portion of the glass is not opale- 
scent. 

With soda it swells up and is decomposed, but does not fuse. 
The soda sinks into the charcoal and leaves a white mass. 
With the solution of cobalt it gives a fine blue color, without 
fusing. 

With borax and iron it does not give a phosphuret of iron. 

C. Silicates of potash or lithia, with silicates of magnesia, 
protoxide of iron, protoxide of manganese and alumina.* 

(Micaceous minerals,) 

Mica, 

A constant constituent of mica is E S^, combmed with seve- 
ral atoms of A S, but it oflen contains at the same time f S, 
also mg S, and sometimes M S. We are not yet able to discover 
in what manner these elements are combined with each other. 
The best analyses of mica, besides those of Klaproth and 
Vauquelin, were performed by H. Rose, in which he found 

* Notwithstanding the admirable analytical labors of Klaproth, VAuauB- 
Liv, H. Rose, G. (xmelin, and Turnbb on this genus, we are still unable to 

five a formulA which represents their composition with any degree of proba- 
ility. 
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that all varieties of mica contained more or less distinct traces 
of fluoric acid, with a small amount of water. But even these 
analyses fail to give us a correct idea of the chemical formula 
of mica. Rose's analyses would give the formula K S' -|- 
12 A S, in which one or more atoms of silicate of alumina are 
replaced by silicate of iron or manganese, provided the bases 
existed in the state of peroxides. But in the course of the ex- 
periments which he instituted to ascertain this point, he found 
that ferriferous mica, when ignited in a retort, became green, 
and acted on the magnet, without having given off any gas 
from which the deoxidation of the supposed peroxide might be 
inferred. 

The different polarization of light in different varieties of 
this mineral adds to the uncertainty, as well as the remarkable 
fact mentioned by Biot, that a certain very magnesian mica 
has only one axis, while this mineral generally has two. 

In regard to the behavior of the varieties of »mica at a high 
temperature. Rose found that those which contain from one-half 
to one per cent, of fluoric acid, when heated in closed vessels 
lose theh" lustre and become dull. The other varieties, on the 
contrary, maintain their semi-metallic lustre, and only change 
their color. The loss of lustre in the micas containing fluoric 
acid is evidently owing to the decomposition which takes place 
on the surface of the scales as the fluoric acid escapes, taking 
with it the silica to form flaosilicic acid. 

It follows from this that the behavior of mica varies with its 
locality, like the garnet, and that it is impossible to give a 
characteristic blowpipe test for all the varieties of this mineral. 
I shall on this account only select a few varieties for descrip- 
tion. 

a. Mica, from Broddbo and Finbo, in granite. 

Alone in the matrass it gives off water, which gives evident 
traces of fluoric acid when the heat is raised to the melting 
point of glass. The mica treated in this way becomes green, 
loses its lustre, and becomes rough to the touch on its surface. 
Heated in the flame before the blowpipe it becomes white, or 
whitish-grey, but retains its lustre, becoming rough upon the 
surface by swelling up. On the edges it cracks in the direction 
of the folia, and fuses into a greyish-yellow, blebby glass. 

It is .readily dissolved by borax with effervescence mto an 
iron-green glass. The mineral which had been ignited in the 
matrass dissolves without effervescence. 

It is readily decomposed by the •salt of phosphorus, and 
swells up into a siliceous skeleton, which would hardly be no- 
ticed, were it not that it alters the shape of the bead. If a 

13 
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• 

small proportion of mica be employed, the skeleton can be dis- 
solved by skilful blowing ; but if more be added, the greater 
portion remains undissolved. The bead becomes opalescent 
on cooling. 

With soda it swells up, at first, into a green, then into a grey 
slag, in which only that side upon which the flame was directed 
is fused into a transparent, somewhat greenish glass. It gives 
distinct traces of manganese on platina foil. 

With the solution of cobalt it gives a black glass. 

b. Mica^ from North America, in granite. 

Alone in the matrass it gives off water, without becoming 
opaque. At the melting-point of glass it becomes white, and 
acquires a silvery lustre. It gives slight traces of fluoric su;id. 
On charcoal it becomes milk-white, and afterwards fuses, at a 
very high temperature, into a white enamel, but only on the 
extreme edges ; even the thinnest scale cannot be fused into a 
bead. , 

It is dissolved by borax, at first with gentle eflervescence, 
but afterwards quietly ; if the mineral had been previously 
ignited till it became opaque, it dissolves without effervescence. 

It is at first entirely dissolved by the salt of phosphorus, if 
not too large a quantity is employed. Afterwards it is slowly 
decomposed, and leaves a siliceous skeleton. The glass be- 
comes opalescent, but not till after having been long heated. 

. With soda it gives a white slag, which fuses to a transparent 
glass on the edges exposed to the direct action of the flame. 

With the solution of cobalt it becomes blue on the fused 
edges. 

c. Mica^ from the Pargas lime quany, a fragment of a six- 
sided prism. 

Alone in the matrass it gives oflT water, without changing its 
appearance ; at a higher temperature it gives no trace of fluoric 
acid. It does not lose its smoky-brown color, even when ignited 
in the flame. It fuses readily to a milk-white glass, which can 
be obtained .in the form of a bead. The unmelted portion of 
the mica preserves its perfect transparency, at the point where 
the fused portion ends. 

It is dissolved by borax quietly and without effervescence. 
The scale of mica remains quite transparent, and gradually 
diminishes in size, till it finally disappears. 

It is readily dissolved by the salt of phosphorus, leaving a 
perfectly transparent siliceous skeleton. The glass is opales- 
cent. 

With soda it swells up, becomes milk-white, and fuses into 
an opaque bead, which becomes milk-white on cooling. 
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With the solution of cohalt it becomes light blue on the fused 
edges. 

Remark, If the external characters did not show that these 
three minerals were all micas, it would hardly be inferred from 
their behavior before the blowpipe, that they all belonged to the 
same class of minerals. The fusibility of the Pargas mica 
and the infusibility of the American variety, imply a consid- 
erable difference of composition. This difference resembles 
that which distinguishes common schorl from the tourmaline 
apyre, of which two varieties the composition is quite dif- 
ferent. 

Lepidolite, or Lithia mica^ from Uton. 

Alone in the matrass it gives off water, which, if the assay 
is raised to a red heat, is rendered quite acid by fluoric acid, 
and tinges Brazil-wood paper yellow ; the glass becomes 
clouded in spots from the deposition of silica. On charcoal it 
fuses very readily with intumescence into a blebby, transparent, 
colorless glass. 

It dissolves with borax readily and in large qusuitity into a 
transparent glass. 

With salt of phosphorus it dissolves, leaving a siliceous skel- 
eton. The bead becomes opalescent on cooling. 

With soda it fuses readily with intumescence into a trans- 
parent and somewhat blebby glass. 

With the solution of cobalt it becomes blue on fusing. 

With boracic acid and iron it does not give a phosphuret of 
iron. With bisulphate of potash, or sulphate of ammonia and 
, fluor-spar, it tinges the flame before and around the assay red, 
thus proving that it contains lithia. 

Varieties of talc. 

What I have said of mica may be applied with justice to 
talc, of which a few examples may serve as proof. 

a. Transparent^ green talc, from la Vallee de Bine. 

Alone it gives off no water, neither does it lose its trans- 
parency when ignited. At a high temperature it exfoliates, 
and becomes white where the heat is most intense, but does not 
fuse. 

Borax dissolves it readily with strong effervescence into a 
transparent glass. 

It is easily decomposed by the salt of phosphorus, with effer- 
vescence ; it gives a translucent siliceous skeleton, and an 
opalescent glass. 

With soda it intumesces, and gives a white semi-fused slag. 

With the solution of cobalt it gives a pale red color. 
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b. WTiite^ opaque talc^ from la Vallee de Fenestrolle, behaves 
like the preceding variety, but does not effervesce so strongly 
when treated with the fluxes. 

c. Greenish^ translucent talc^ from Skyttgrufva, near Fahlun. 
Alone in the matrass it gives no trace of water ; it emits a 

little light on the edges, but remains transparent at a gentle 
heat. More strongly heated, it whitens, becomes scaly on the 
surface, and fuses on the edges to a white, blebby mass. 

It dissolves with borax, wi5i effervescence, into a transparent 
glass, which has the characteristic color of iron, as long as it 
remains hot. A portion remains undissolved, which afterwards 
slowly dissolves, without effervescence. 

With soda it swells up and fuses into an opaque, difficultly 
liquefiable glass, which may be rendered transparent by the 
addition of a certain proportion of soda. In general a large 
proportion of this flux is required. 

Strongly heated with the solution of cobalt it acquires a 
reddish color. 

Remark. All the varieties of talc from the Fahlun mines 
behave in the same way. 

d. Black talc^ from'Finbo, near Fahlun. 

Alone in the matrass it gives off a large amount of water, 
which shows, after the assay has been heated to ignition, dis- 
tinct traces of fluoric acid. By ignition it acquires a lighter 
shade of color, bordering on green, and afterwards fuses 
tolerably readily to a black glass. 

It is readily dissolved by borax, without much effervescence, 
and gives a glass tinged with iron. « 

It is also readily decomposed by the salt of phosphorus, and 
gives a siliceous skeleton ; the glass is tinged with iron as long 
as it remains hot, but becomes opalescent on cooling. 

With a certain proportion of soda it fuses to a black glass, 
which becomes less fusible, and acquires a yellowish-brown 
color, if more of the flux be added. 

On platina foil it exhibits traces of manganese. 

Addition. Pimelite^ nickeliferous talc, from Kosemiitz. 

Alone in the matrass it blackens and gives off water, which 
smells of petroleum. The black color comes from carbon, 
which consumes in the open atmosphere ; after which the mass 
becomes greyish-green, bordering on brown. It does not fuse, 
but becomes slaggy on its thin edges, and acquires a dark grey 
color. 

With borax it dissolves with the reaction of the oxide of 
nickel, and does not give a trace of cobalt after the reduction 
of the nickel. 
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It is dissolved by the salt of phosphorus, when a small quan- 
tity of the assay is used, into a transparent glsiss. If more of 
the assay be added, a glass tinged with nickel is obtained, and 
anjmdissolved siliceous skeleton remains in the bead. 

Soda dissolves it imperfectly into a rounded, slaggy mass, 
and after washing the charcoal a large quantity of reduced 
nickel is obtained. 

Remark, Pimelite has exactly the appearance of a nickel- 
iferous talc. The property of blackening when heated in a 
closed vessel and giving off an empyreumatic odor, is so far 
common to minerals containing magnesia, that I have rarely 
failed to detect it, in case the magnesia formed a constituent 
part of the mineral, or was contained in it in considerable 
quantity. These circumstances require that the pimelite should 
be more carefully examined. It is not improbable that the 
oxide of nickel may have similar properties with magnesia, 
exactly as it resembles the latter in its double salts with ammo- 
nia and potash. 

Chlorite^ from Fahlun. 

Alone in the matrass it gives off water, and, at the melting 
point of glass, fluoric acid, which tinges Brazil-wood paper 
yellow, and leaves silica upon the glass. On charcoal it fuses 
into a black bead with a dull surface. 

With borax it dissolves into a dark green glass. 

Salt of phosphorus dissolves it, leaving silica. The glass is 
strongly colored with iron. 

Soda does not dissolve it ; it does not swell up, but becomes 
rounded on the edges. On'platina it exhibits no traces of man- 
ganese. 

Finite, from St. Pardou in Auvergne, and from Greenland.* 

Alone in the matrass it gives off a little water, but does not 
change its appearance. On charcoal it becomes white, and 
fuses on the edges into a white, blebby glass. On the speci- 
mens from Auvergne colored spots are seen scattered over 
the surface. The ferriferous variety sometimes melts readily 
into a black glass. 

It is very slowly dissolved by borax, even when pulverized, 
and gives a transparent glass, which is slightly tinged with iron. 

The variety from Auvergne is not visibly attacked, if the 
mineral is used in fragments ; but the bead has a tinge of iron 

* The latter specimen was obligiog:ly fiirnished me by M. Hafty. It is 
crystallized in six-sided prisms, and is purer and leas mixed with Ibreign 
matters than most specimens. 

13* 
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as long as it remains hot In powder, it can be decomposed 
after long blowing, and leaves a siliceous skeleton. The glass 
is opalescent on cooling. The Greenland variety is more 
easily dissolved by the salt of phosphorus, but the glasses are, 
otherwise, alike. 



FahJunite^ 






• •* 



J 






Si«H-3!:. } Si + 6H f ^ yS^ + SAS+2Aqy 



from Eric Matts mine, at Fahlun. 

Alone in the matrass it gives off water, which has not an 
acid reaction. On charcoal it bums white, and fuses on the 
edges into a white, blebby glass. 

With borax it is dissolved, with great difficulty, into a glass 
which is somewhat colored by iron. 

Salt of phosphorus decomposes it, leaving a siliceous skel- 
eton ; the glass is opaque, and has a tinge of iron as long as it 
remains hot; but on cooling it becomes colorless and opal- 
escent. 

It is not dissolved by soda, but acquires a slaggy appearance, 
and a yellowish color. 

' WeUsite, ^f \ S? + 2 Al Si^ (^\s'' + 2A8'\wiih 

traces of soda, manganese, and tin, from Eric Matts mine, at 
Fahlun. 

Alone in the matrass it gives off water, which has at first an 
acid, aflerwards an alkaline, reaction. Its color grows darker. 

On charcoal it becomes milk-white, and aflerwards fuses on 
the edges, but cannot be entirely liquefied, Afler a strong 
heating in the reducing flame, the charcoal becomes coated 
with a deposit of the oxide of tin. 

With borax it dissolves gradually, giving a transparent, 
colorless glass. 

With salt of phosphorus it is very slowly dissolved, leaving 
a siliceous skeleton. The pulverized mineral is rapidly taken 
up, and swells up into a siliceous skeleton. 

With soda it gives a white slag, which, in a strong heat, can 
be melted into a bead. On platina foil it gives no distinguish* 
able trace of manganese. 
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kfp Is' + SAS+Aqj, 



Gigantolitey 

Mg] /M 

Fe Vsi + AiSi + H( JP J^ + 3^iSf+il^ 

from Tammela, Finland. 

Alone in the matrass it gives ofif water, which at length 
acquires an alkaline reaction. 

It fuses readily, with intumescence, into a lustrous, greenish 
slag, but cannot be melted into a bead. 

In borax and salt of phosphorus it dissolves into a trans* 
parent glass, which is tinged with iron, but becomes colorless 
after it has cooled. The solution proceeds slowly unless the 
mineral be pulverized, when it swells into a siliceous skeleton 
with the salt of phosphorus, and dissolves completely in a larger 
quantity of the flux. The transparent glass becomes opalescent 
on cooling. 

With soda it swells into a brown slag, which can be made to 
take a globular shape with considerable difficulty. 

Mg3 ^ /M ) 

PraseoUte, Fe^ > Si + 2 Al Si+3 H ( i^ ( ^+2 AS^Aq \ , 

(containing, at the same time, traces of the oxides of manga- 
nese, lead, copper, cobalt and titanium,) from Brakke, in 
Bamla parish, Norway. 

Alone in the matrass it gives off water, which has no eflect 
on Brazil-wood paper. The clear-green assay becomes dirty- 
green, and partially brownish. 

In the forceps it fuses slowly, and only on the edges into a 
bluish-green glass. 

It is dissolved by borax into a transparent, greenish glass. 

In the salt of phosphorus it is less easily dissolved, and leaves 
a siliceous skeleton. In a strong reducing flame, or with the 
help of tin, the presence of titanium can be observed, though 
only faintly. 

With soda it forms a pea-green slag, bordering on yellow. 

Witlvthe solution of cobalt a greyish-blue color is obtained, 

Esmarkite^ from the same locality. 

Mg^] /M) . 

Fe' >Si»-h3ArSi + 3H, I F \8^ + SAS-\'Aq). 

Mn'j ^"*^^ ^ 

Behaves exactly like the preceding. 
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D. Silicates of an aJkcHi and oxide of iron. 

Neutral silicate of soda, with two'thirds silicate of the per- 

oxide of iron, Acmite, 3 Na Si + 2 Pe Si^ {NS^^ + 2 FS^), 
firom Eger in Norway. 

Alone in the matrass it gives off water, which on drying 
leaves a stain upon the glass, which disappears when heated. 
The appearance of the assay remains unchanged. On char- 
coal it fuses to a hlack head with a vitreous lustre. 

It is readily dissolved by borax into a glass tinged with iron. 

With salt of phosphorus its behavior is the same, except that 
a siliceous skeleton remains. 

With soda on charcoal it gives a black glass, and on platina 
the usual reaction of manganese. 

Persilicate of soda and magnesia^ with one^half silicate of 
the protoxide of iron. Crocidolite, from Orange River, Cape 
of Good Hope. 

Alone in the matrass it gives off a small amount of water, 
having an empyreumatic odor, and becomes brown. 

A fibre of the mineral bends upon itself in the flame, and 
forms a brownish slaggy mass, which cannot be fused into a 
bead without considerable effort. 

The fibre is immediately taken up by borax, dissolves with 
effervescence, and colors the bead with me oxide of iron. 

It is readily dissolved by salt of phosphorus, leaving a sili- 
ceous skeleton. On the platina wire the glass, treated in the 
oxidating flame, is red as long as it remains hot, but it becomes 
colorless on cooling. It splits in pieces and then exhibits ame- 
thystine-red patches in the interior of the siliceous skeleton, 
which appearance cannot be produced on charcoal. 

Saltpetre does not show the presence of manganese, or tin 
that of titanium. 

With soda it gives on platina a red glass, which does not ex- 
hibit the reaction of manganese ; on charcoal it gives a grey- 
ish green glass. 
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E. Silicates of lime and magnesia^ in which the alkaline earths 
are more or less fully replaced hy protoxide of iron and 
protoxide of manganese^ and the silica sometimes replaced hy 
alumina. 

Neutral silicate oflime^ with two-thirds silicate of magnesia, 

Amphihole, Ca Si+ Mg^ sK ( C ^^ + 3 MS^), 

VoN BoNSDORFF hsus showii that all the varieties of amphi- 
bole contain fluoric acid, which is united to the lime, forming 
fluoride of calcium, and that they can be considered as thus 
composed : 1 atom of the fluoride of calcium is combined with 
an amount of the above-named combination, which contains 5 
times as much lime as the fluoride of calcium. It is possible 

that the correct formula is Ca F12 + 5(Ca Si + Mg^Si2), in 
which case this mineral should be included among the halogen 
substances. The presence of the fluoric acid cannot be ascer* 
tained by the blowpipe. 

a. Non-aluminiferous amphibole, 

a. Colorless amphihole^ from GuUsjo in Wermland, has ex- 
actly the composition represented by the above formula. 

Alone in the matrass it does not change, and gives off only 
hygrometric water. In the forceps it fuses readily with intu- 
mescence into a semi-transparent glass, and the portion near- 
est the fused mineral becomes milk-white. Each time that the 
mineral is remelted it begins by swelling up, but afterwards 
liquefies. 

It is slowly dissolved by borax into a transparent, colorless 
glass. 

It is not decomposed by the salt of phosphorus ; the frag- 
ment remains in the bead rounded on the edges and quite milk- 
white in color, and if it be heated for a long time the glass 
becomes opalescent on cooling.* 

With a certain portion of soda it dissolves into a transparent 
glass, which swells up on the addition of more soda, and forms 
a white, infusible, slaggy mass. 

With the solution of cobalt it acquires a rose-red color on 
the fused edges. 

p. GrammMite^ from Fahlun. 

* This property belongs to the amphiboles in common, with few exceptions. 
There is, nowever, a method of decomposing them with salt of phosphorus, 
which often succeeds, namely, by melting them with so small an amount <x 
this flux that the surface only is covered. When the assay begins to swell 
up, the phosphoric acid penetrates the mass, which intumesces, is decom- 
posed, and becomes icy in appearance. 
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Alone it undergoes no change when gently ignited. At a 
higher temperature it swells up, cracks longitudmally, and be- 
comes milk-white ; at a still higher temperature it fuses with 
effervescence into a whitish-grey, rough, opaque mass. 

With borax and salt of phosphorus it behaves like the pre- 
ceding mineral. 

With a suitable quantity of soda it fuses to a transparent 
glass ; with too much or too little the glass becomes opaque on 
cooling. 

WiUi solution of cobalt it becomes dark red on the fused 
edges, and clear bright red around the assay. 

y- Asbestiform tremolite^ from Sheffield, Massachusetts. 

Alone it bubbles and fuses with difficulty into a vitreous 
mass, after which fine acicular crystals often shoot out. 

With borax and salt of phosphorus it behaves like the pre- 
ceding. 

With soda it is dissolved with the greatest ease into a trans- 
parent glass, which must be fused with a large quantity of the 
flux before it becomes opaque. 

With the solution of cobalt it reddens on the fused edges. 

M) 

3. Ashestus, from the Tarentaise, (C S^ + 3 f > S'^). 

C) 

Alone it fuses readily into a greyish bead resembling enam- 
el, but without a vitreous surface. 

With the fluxes it behaves like ». 

f. Asbestiform actinoUte, from Taberg near Philipstad, and 
from Fahlun, has the same formula as the preceding. 

It is not particularly changed in appearance by gentle igni- 
tion. In a strong heat it becomes white, and then fuses with 
intumescence into an opaque, dark yellowish glass. 

It fuses readily with borax to a transparent glass, tinged with 
iron. 

It is very slightly acted on by the salt of phosphorus. The 
acicular crystals remain unchanged, and the glass becomes 
opalescent on cooling. 

With a small proportion of soda it gives an opaque, green- 
ish glass ; with a larger quantity it swells into an infusible slag. 

With the solution of cobalt it becomes red on the fused 
edges. 

Remark. The greener varieties of actinolite give to the glass 
a deeper color of iron, but their behavior is, otherwise, the 
same. 

5- Byssolite, from Bourg de I'Oisons, has the same formula 
as X 
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Alone it fuses into a black, brilliant bead. 

It is readily dissolved by borax into a glass colored with iron. 

Salt of phosphorus dissolves it slowly ; the acicular crystals 
which are first added to the flux dissolve entirely, the others 
remain undissolved. 

With soda it gives jbl black glass ; with a larger quantity, a 
black slag. On platina foil it exhibits the reaction of manga- 
nese. 

b. Aluminiferous amphibole. 

11. Grammatite^ from Akers lime quarry. The empiric 
formula for this and the following varieties is, rejecting the 

• ••• Ms* ) ( Si^ 

fluoric acid,.CaSi,+ . ° W ... and, in genei%tL to 5 atoms 

^ Fe^ j ( AP ^ 

of this combination, 1 atom of fluoride of calcium. Other va- 
rieties contain also protoxide of manganese. 

Strongly ignited it becomes white without splitting, and fuses 
considerably easier than the grammatite from Fahlun, and 
much like that from Gullsjo, and gives an almost transparent 
glass. 

It dissolves readily with borax to a transparent glass. 

With the salt of phosphorus it swells up, is not entirely de- 
composed, but is converted into a translucent, light colored 
mass, which, however, remains hard internally. 

With soda it fuses to an opaque, scarcely liquefiable mass. 
With more soda it first swells up, but can afterwards, in a strong 
heat, be fused to a bead. 

With the solution of cobalt it becomes more infusible, but 
gives on the fused edges a fine dark blue glass. 

^. Black 'primitive hornblende^ from Slattmyra. 

Alone it swells up very little, and fuses to a black, brilliant 
bead. 

It dissolves with borax into a glass tinged with iron. 

It is not decomposed by the salt of phosphorus. The frag- 
ment remains unchanged, and retains its color, becomes after- 
wards rounded on the edges, and acquires a tinge of iron. In 
this respect it resembles the non-aluminiferous amphibole. 

With soda it fuses to a black, brilliant glass, which is rendered 
more fusible by a farther addition of the flux, but it tfien ac- 
quires a dull, crystalline surface, and a dark brown color. 

I. Black hornblende^ in broad laminae, from Taberg, in the 
district of Norberg, behaves like the preceding variety. 

9c. Dark green^ foliated hornblende^ from Annaberg, in 
Saxony. 
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Alone it fuses Mrith intumescence into a black, lustrous 
glass. 

It is readily dissolved by borax to a slightly colored glass. 

It is decomposed by salt of phosphorus, after being heated 
for some time, and gives a siliceous skeleton. The bead is 
colorless, and becomes opalescent on cooling. 

With soda it behaves like n. 

X. Black, crystallized hornblende, from Pargas, fuses with 
strong intumescence and readily into a greyish-brown, opaque 
glass. 

Borax dissolves it readily to a transparent, greenish glass. 

With the salt of phosphorus it is decomposed into a glass 
which resembles ice in appearance, and is colored by iron as 
long as it rem'ains hot, but it becomes opalescent on cooling. 

It fuses with difficulty with soda into a greyish-brown glass, 
which is not easily fused to a bead. 

fA, Pargasite, or transparent, light green, crystallized horn- 
blende, from Pargas. 

It behaves exactly like the preceding, except that the glass 
is less strongly colored with iron. It differs from the last vari- 
ety only in containing a less amount of iron. 

Two-thirds silicate of lime, mth two-thirds silicate of mag- 
nesia. Pyroxene, Ca^ Si^ + Mg^ S^ {C S^ + M 8^). 

a. White or colorless, translucent pyroxene, 

Diopside or Alalite, from Piedmont. 

White malacolite, from the Tammare lime quarry in Finland. 

White malacolite, from Tjotten, in Norway. 

Salite, light green variety from Sala; all these have the 
composition represented by the above formula. 

Alone, they, fuse with slight effervescence, to a colorless, 
semi-transparent glass. 

They readily dissolve with borax to a transparent glass. 

They are slowly decomposed by salt of phosphorus, and 
leave a siliceous skeleton. The transparent glass becomes 
opalescent on cooling. Diopside remains for a long time trans- 
parent and unchanged, but finally swells up, and is converted 
into a siliceous skeleton. 

With a small proportion of soda they swell up and dissolve 
into a liquid, transparent glass, which becomes opaque and less 
fbsible on the addition of more soda. As each new portion of 
soda is added, they swell up anew before fusing. 

The malacolite from Finland becomes red on the fused edges 
when heated with the solution of cobalt ; diopside also acquires 
a red color on its thin fused edges, or, if fused to a bead, it 
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becomes violet ; malacolite from Tjotten becomes blue,* bor- 
dering on red. 

Remark, Among the specimens of the so-called Salite from 
Sala, there occurs a malacolite, which cannot be distinguished 
from common Salite except by a lower degree of lustre and 
hardness, as it exactly resemUes it in form and color. This 
variety contains 5 per cent, of lime, and is, according to Rosses 
analysis, principally a silicate of magnesia ; its behavior is as 
follows : 

Alone in the matrass it gives off water ; on charcoal it bums 
greyish-white, but does not fuse, either in fragments or when 
pulverized, but only sinters and becomes dark and glassy on 
the edges. 

With borax and soda it behaves like the preceding. 

It is dissolved by salt of phosphorus, with about the same 
degree of difficulty as the preceding varieties, but the fragment 
does not retain its translucency and color, as the others do, 
but becomes enamel- white, and then begins to swell up slowly, 
and is converted into a siliceous skeleton. 

With the solution of cobalt it gives a dirty red color, both 
on the fused edges, as well as through the whole mass, and the 
oxide of cobalt renders it more fusible. The contrary is the 
case with the malacolites containing lime. 

b. Pyroxene., which contains a larger number of atoms of 
lime than of m^ignesia. 

Malacolite^ from Bjormyresweden, 

fuses readily to a dedk glass. 

With borax, salt of phosphorus and soda, it behaves like the 
preceding, except that it gives a glass colored with iron. 

c. Pyroxene^ containing silicate of the protoxide of vron 
as a constant ingredient, 

». Hedenhergite^ from Mormorsgrufva, near Tunaberg, 

Ca3 Si2 + Fe3 S>, (CS^ +fS^). 

Alone it gives off no water, or only hygroscopic moisture, 
which when the assay is heated to the melting-point of glass 
has a slightly acid reaction. In the forceps it fuses, after boil- 
ing a very little, into a black, brilliant glass. 

Borax dissolves it into a glass tinged with iron. 

Salt of phosphorus decomposes it slowly to a siliceous skele- 

* This is perhaps owiog to one half percent, of alumina which is con 
in the mineral. 

14 
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ton, in which the undecomposed substance appears with a bril- 
liant, black lustre. The color of iron disappears as the bead 
cools. 

Soda dissolves it with difficulty to a black glass, which be- 
comes dull upon the surface with the addition of more soda, 
and it requires a far larger quantity of that flux than either of 
the preceding varieties, before it becomes slaggy. ^ 

|9. Greenish'black pyroxene^ from Taberg near Philipstad, 
and from Arendal, and Dark red nudacolite from Dagero in 
Finland, behave like the preceding. 

d. Pyroxene^ containing alumina and generally black. 

a. Pyroxene^ from Pargas, and 

. ... Mff' 
p. Pyroxene from Auvergne, Ca' Sr^4" t* 3 

J/ e 

fCiSf^+^WjaJ, in lava, behave like pyroxene in gen- 
eral, but are far more difficultly, or not at all, dissolved by 
salt of phosphorus ; the fragment becomes translucent and less 
deeply colored ; with soda they give a less fusible glass, so 
that they become infusible with a quantity of soda, with which 
the dark-green varieties, containing iron as a constant ingredi- 
ent, would form a glass. 

Two-thirds silicate of alumina and the protoxide of iron, 

a. iKa/7a^c,» Fe3 Si3 -f 3 Mg3 SK (f8^-\-^M8^). 
Alone in the matrass it gives off water, which is not acid, 

cracks, and acquires a lighter color. On charcoal it fuses with 
difficulty on the edges to a greyish slag. 

It dissolves with difficulty with borax to a transparent glass, 
colored by iron. 

It is decomposed by the salt of phosphorus, and leaves a si- 
liceous skeleton. 

With a certain portion of soda, it fuses to an opaque, greyish- 
green bead ; with a larger quantity, it swells up and becomes 
infusible. On platina foil it gives traces of manganese. 

b. Hypersthene, Fe^'^i^ + M^'Si^ifl^ + MS^). 

Alone in the matrass it cracks a little and gives off water, 
which is not acid, but it does not change its appearance particu- 
larly. On charcoal, it fuses with difficulty to a greyish-green 
glai». 

* I do not know the locality of the hypersthene and diallage used in these 
examinations, bnt as both specimens were presented me by Si. Hauy, I can 
have no doubt that they are rightly named. 
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With borax, it fuses readily to a greenish glass. 

Salt of phosphorus does not appear to attack it, but it be* 
comes rounded on the edges, and is dissolved with the greatest 
difficulty. 

It behaves with soda like the preceding. 

One-third silicate of lime and the protoxide of iron^ with 
one-third silicate of the peroxide of iron^ 

Ca3 
Fe3 



I3 isi + SFeSi (^}s4-3iJ's) 



Jenite^ Lievrite^ from Elba. 

Alone in the matrass, it gives oif water, which has not an 
acid reaction, and which seems to be only mechanically enclos- 
ed in the mineral, since its appearance undergoes no change. 
On charcoal it fuses readily to a black bead, which becomes 
vitreous in the exterior flame ; in the interior flame it acquires 
a dull surface, and becomes attractable by the magnet, which 
is not the case with the mineral when it is simply ignited. 

It dissolves readily with borax to a dark, almost opaque glass, 
which is colored wiUi iron. 

Salt of phosphorus decomposes it, leaving a siliceous skele- 
ton ; the glass is strongly colored by iron. 

With soda it fuses to a black glass. On platina it exhibits 
traces of manganese. 

Addition. Cronstedtite^ from Przibram in Bohemia.t 

Alone in the matrass it gives off water, which, when driven 
off by ignition in the open tube, exhibits traces of fluoric acid. 

Alone on charcoal or in the forceps it fuses slowly on the 
edges into a black glass, which is dull on the surface. 

*The formula does not agree exactly with the results of the analysis, hut is 
the most probable which can be eiven. 

t If Steinmann's analysis of this mineral be calculated, (Neues Journal fur 
Ghemie u. Physik, von Schweig?er und Meineke III. p 269,) it would appear 
to consist of one-third silicate of magnesia, combined with silicates of the pro- 
toxides of iron and maQRanese,in which the bases contain 1 1-2 times as much 
oxygen as the silica, and water of crystallization. The resulting formula is : 

Mn' Si^ + 3 Fe'' Si' + 26 H 

9 (Mg' Si + 2 Fe" S> + 12 H) or 

{mn^ S^ + 9 MS + 21 P S' + 45 Aq) ; however, this formula 

ought not to be adopted without renewed investigation. According to You 
Kobeli its x»>mposition is, 

mn\S-\- FAq. 

m) 
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It is readily dissolved by borax and salt of phosphorus, giving 
the reaction of the protoxides of iron and manganese. 

With soda on charcoal it gives readily a black glass, which 
becomes infusible with the addition of more soda, and with a 
still larger quantity it is absorbed by the charcoal. On platina 
foil it gives distinct traces of manganese. 

F. Silicates of lime and magnesia^ with alumina^ in which the 
alkaline earths are often replaced by the protoxides of iron 
and manganese^ and the alumina hy the peroxide of iron. 

One-third silicate of lime and alumina. 

a. Epidote, Ca' Si + 2 Al Si, (C 5 + ^ S). 

a. Zoisite^ from Baireuth and Carinthia. 

Alone it swells up and thickens at right angles to the lami- 
nae ; when first heated, it emits a number of small bubbles, 
which disappear at a higher temperature. On the extreme 
edges it fuses to a transparent, yellowish glass, but the swollen 
mass is aflerwards very difficultly fusible, and forms a vitreous 
riag. 

With borax it swells up and dissolves to a transparent glass. 

With salt of phosphorus, it intumesces and dissolves readily 
with effervescence, leaving a siliceous skeleton. 

A very small quantity of soda dissolves it to a slightly green- 
ish glass, but with the usual quantity it swells up into a white 
infusible slag. On platina it exhibits traces of manganese. 

With the solution of cobalt it gives a blue glass. 

Turner obtained in many varieties of Zoisite the reaction of 
boracic acid, by the aid of bisulphate of potash and fluor spar. 

b. PistacitCy from Bourg d'Oisan, Hellestad, Arendal, Ta- 

berg and Orijarfwi, 9^' ?.l + ^ ^! ?! ( C S+fS+A A iSf).» 
^ ^ Fe^Si+2AlSi^ -^ ^ ' 

Alone, it fuses first on the extreme edges, swells up into a 
dark brown, cauliflower-like mass, which, at a higher tempera- 
ture, becomes black and rounded, but does not really liquefy. 
The variety from Arendal, which, according to analysis, con- 
tains the largest amount of iron, is considerably more fusible 
than the others. 

With borax it first swells up, and then dissolves to a glass, 
colored by iron. 

Salt of phosphorus decomposes it, with intumescence, and 
leaves a siliceous skeleton. 

^ This fonnula is, perhaps, only applicable to the yariety which is found at 
Boarg d'Oisan, in France. 
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With a certain proportion of soda, it fuses difficultly to a dark 
glass, which, with more soda, is converted into a slag. 

Ca' Si + 2 Al Si 
c. Manganesian epidote, Ye^ Si -{- 2 Mn Si 

Mn Si + 2MnSi 

( / [ S + 2 ^\ S \ from St. Marcet, in Piedmont. 
\mn ) / 

Alone it fuses readily, with intumescence, into a hlack glass. 

With borax it dissolves, with effervescence, into a transparent 
glass, which acquires an amethystine tinge in the exterior flame, 
but in the interior flame it exhibits the color of iron while hot, 
and becomes colorless on cooling. 

In the salt of phosphorus, it swells up and dissolves, leaving 
a siliceous skeleton ; the glass exhibits the color of iron, and 
not of manganese, as long as it remains hot. 

With soda, it behaves like the preceding varieties, but with 
a large amount of soda on platina foil a dark green mass is 
obtained, which flows away from the assay. 

All varieties of epidote give globules of tm, when reduced 
and washed from the charcoaL 



mn ) 



Thulitey from Tellemarken, Norway, / \ 8-^2 A S. 

Behaves like the preceding* 

/?. Idocrase. Its formula is not known with certainty, but it 
is, in all probability, the same as that of garnet, with the same 
substitutions of its elements. 

a. Common idocrase or Vesuvian^ from Vesuvius, Eger and 
Fassa, fuses very readily, with intumescence, to a dark glass, 
which, when treated in the external flame, can be rendered 
yellow and translucent. 

It is readily dissolved by borax to a transparent glass, colored 
by iron. 

With soda it gives a glass, but less readily than garnet ; with 
a larger portion of the fiux, it is converted into a slag. 

Remark. Idocrase dissolves more readily in borax and salt of 
phosphorus, because it has (he property of intumescing at a 
certain temperature. Since this intumescence takes place with- 
in the flux, it gives it an opportunity of penetrating into the 
assay and acting in many points at once. It fuses, on the 
other hand, less readily with soda, because it contains less iron. 
Turner states that he obtained traces of boracic acid in several 

14 • 
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varieties of idocrase, by means of bisulphate of potash and fluor 
spar. 

b. Magnesian idocrase or Lohoite, from the lime quarries of 
Gokum and Frugard. 

Heated alone, it becomes opaque, splits, and then fuses rea- 
dily, with intumescence, to a green or yellowish bead, which 
seems to contain heterogeneous particles. 

It dissolves instantly, with intumescence, with borax. 

With salt of phosphorus and soda it behaves like the pre- 
ceding. 

c. Cyprine^ idocrase containing copper, from Tellemarken, 
in Norway. 

Gently heated its fine blue color remains unchanged. It 
appears black as long as it remains hot, but the blue color re- 
turns as soon as it becomes cold. It fuses readily, with strong 
intumescence, to a blebby bead, which is black in the oxidating 
flame, but red from the protoxide of copper in the reducing 
flame. 

It is readily dissolved by borax ; the glass is transparent and 
becomes green in the oxidating flame. In the reducing flame 
it is colorless, and, unless the glass is fully saturated, the reac- 
tion of copper cannot be obtained without the aid of tin. 

It is quickly decomposed by salt of phosphorus ; it swells up 
into a mass resembling ice, which is green on cooling, and 
when treated in the interior flame it becomes red on the surface. 
If too much of the salt of phosphorus be employed, the green 
color can be obtained, but not the red, without the aid of tin. 

With soda it gives a black glass, and bears more of this flux 
than the preceding. A large quantity of copper is obtained by 
reduction. 

y. Essonite ; the formula is not known with certainty, but 
is probably the same as that of garnet. 

a. Essonite^ from Ceylon, Cinnamon stone. 

Alone it does not become darker when heated ; it fuses 
readily ; at first the glass has the same color as the mineral, 
but it afterwards becomes green ; in both cases it remains 
transparent. 

With borax it dissolves readily to a transparent glass, which 
is colored with iron. 

With the salt of phosphorus it behaves like common idocrase. 

With soda it fuses to a green glass, which becomes a grey, 
difficultly fusible slag, on the addition of more soda. 

b. Essonite^ from Brazil. 

Its dark red color does not become more intense when heat- 



BESAVIOE OF HINESALS BEFOSE THE BLOW7IFB. 16S 

ed ; it fuses readily to a blade bead, which appears metallic on 
the surface, but does not act strongly on the magnet. 

With borax it is dissolved with great facility to a glass colored 
with iron. 

Salt of phosphorus dissolves it, as it does the preceding. 

It is decomposed by soda ; with a small quantity it gives a 
black glass, with more, an infusible slag. 

d» GaTndt, 

Although the composition of the two preceding varieties 
agrees so nearly with that of the garnet that they may be con- 
sidered identical, there is a marked difference between them 
both in their crystalline form and in their behavior before the 
blowpipe, as well as in slight peculiarities of composition, so 
that we may conclude that some important ingredient is con- 
tained in the latter mineral, which has thus far escaped notice. 

^^ • ••• ••• ••• • 

The formula of the garnet is R^ Si + I^ Si. R in the first 

• • 

member of the formula denotes oflen a mixture of Ca, Mg, 

_ • • • •• • • » 

Fe, Mn, and B in the last term generally a mixture of Al and 

Pe. The varieties of garnet can therefore be divided into, 

1st, those which contain Ca in the first term of the formula, 

2d, those which contain chiefly Fe or Mn in the first term, and 
3d, those which contain chrome, which according to Trolle- 
Wachtmeister's researches exists in the state of brown oxide, 
and not as an acid, in this mineral.* 

1. Lime gctmet, Aplome, 

a. Black garnet^ from Frascati, Melanite, 

Alone it fuses to a black brilliant globule, without efier- 
vescence. 

It is slowly and difficultly dissolved by borax, and gives a 
glass colored by iron. 

Salt of phosphorus dissolves it slowly, leaving a siliceous 
skeleton. The color of iron disappears on cooling. 

Soda forms with it a black bead, which becomes less fusible 
on the addition of more soda, but which can, however, be fused 
af\er the excess of the fiux is absorbed by the charcoal. On 
platina foil it gives traces of manganese. 

?, Green garnet^ from Sala, fuses with strong intumescence 
to a black, brilliant glass. 

* A. Maus endeaTored to show (in Pogeendorff's Annals, toI. IX. p. IS7,) 
that this oxide is not an exact atomic combinaiion ; his researches only nrore 
that it contains chromic acid as it is generally obtained, and that it can be so 
decomposed by reagents that chromic acid and protoxide of chrome are formed 
Can it be supposed that there is not such a combination as Cr + 2 O 7 
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With borax and salt of phosphorus it behaves like the pre- 
ceding. 

It is decomposed by soda and swells up, but afterwards fuses 
to a black, brilliant bead. On platina foil it exhibits a trace of 
manganese. 

r. Light hroton garnet^ from Danemora, fuses, without intu- 
mescence, to a black, brilliant bead. 

It is dissolved by borax to a transparent glass, which acquires 
a dirty amethystine color in the oxidating flame, but in the re- 
ducing flame it is tinged with the characteristic color of iron. 

With salt of phosphorus it behaves like the preceding. 

With soda it becomes green at first, then intumesces and 
fuses to a black bead with a metallic lustre. 

d. Dark hrovm or hlack garnet^ from Langbanshyttan, Roth" 
qffite. 

Alone it fuses with difficulty to a black, dull or semi-vitreous 
globule. 

It is slowly dissolved by borax to a dark green glass. 

With the salt of phosphorus it behaves like the preceding. 

With soda it swells up into a black glass ; on platina foil it 
gives traces of manganese. 

e. Red garnet^ from the lime quarry at Kulla in Finland, 
Romanzovite, 

Heated alone it becomes darker, but npt opaque. It fuses 
with considerable intumescence to a blebby bead. 

It is dissolved by borax with the greatest difficulty. By long- 
continued heating it becomes green, first on the edges and then 
in the centre, and gives out a greener light than the glass which 
surrounds it. At length it is entirely dissolved. 

It behaves like the preceding variety with the salt of phos- 
phorus. 

With soda it intumesces, and then fuses to a green glass, 
which liquefies less readily on the addition of more soda. On 
platina foil it exhibits traces of manganese. 

Remark. It resembles the cinnamon-stone of Ceylon both 
in composition and in its external characters. Nordenskjold's 
formula is FS -j-S CS-|-5 AS^ while Klaproth's analysis 
of cinnamon-stone gives FS -|- 4 CS -|- 5 AS. Both occur 
in lime. 

t. Allochroite^ from Berggieshubel, in Saxony. 

Alone it fuses readily without intumescence to a black, bril- 
liant glass. 

With borax it dissolves readily into a glass colored by iron. 

With the salt of phosphorus and soda it behaves like the pre- 
ceding. On platina foil it exhibits faint traces of manganese. 
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2. Cromet containing the protoxides of iron and numganeee, 

Almandine. 

« ••• ■•• *•• 

». Fahlun garnet^ Fe' Si + Al Si. 

Alone it grows darker when heated, but acquires its original 
color on cooling. It fuses, without the least intumescence, to 
a black bead, which is dull and metallic on the surface as if 
covered with a crust of reduced iron. The bead shrinks 
together on cooling so as to form a cavity on one side of the 
mass. It has a vitreous fracture. 

It is dissolved with great difficulty by borax into a dark glass 
colored by iron. The undissolved portion looks quite daidk in 
the glass. 

It is decomposed by salt of phosphorus and intumesces. 
The skeleton is white, spotted with black, but becomes colorless 
if the heat is continued. As long as the bead holds together 
the glass is transparent on cooling, but if the blast be continued 
so long that it crumbles in pieces, the bead becomes opalescent 
on cooling. 

It is dissolved by soda, first intumescing, and then dissolving 
to a black bead having a metallic lustre ; a larger quantity of 
soda does not affect its fusibility. On platina foil it exhibits 
traces of manganese. 

Fe^Si + FeSi , ^e, . r, o . . 
^. JFVnJa garnet, ^^^3.^. .j^^." {fSi-FS + 4mnS 

+ 4AS). 

Alone on charcoal it behaves like the preceding, with this 
difierence, that the fused bead has a metallic lustre only on por- 
tions of its surface. 

It is dissolved by borax like almandine, but the saturated 
glass acquires an amethystine tinge in the oxidating flame. 

With salt of phosphorus, it behaves like the preceding. 

It is decomposed by soda, and with a small proportion of the 
flux it fuses readily to a black bead. More soda lessens its 
fusibility, till it no longer liquefies. On platina foil it gives 
decided evidence of the presence of manganese. 

Fe' Si^ 4- Al Si 
y. Broddho garnet^ • g •- ^ -. .••. {fS^'\'mnS-\'2AS). 

Alone it fuses and boils, giving a black bead with a highly 
vitreous surface. 

With borax and soda it behaves like the preceding. 

With salt of phosphorus the same is true, except that the 
bead is less opalescent on cooling. 
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3. Chrome garnet^ Pyrope, According to Von Eobell, the 

formula of the pyrope is, / r '^ H~ Cr ( '^• 

a^ Pyrope^ from Ceylon, hecomes, when heated, darker col- 
ored, and finally, black and opaque ; seen by transmitted light 
when cooling, it becomes dark green, then chrome-green, then 
colorless, and finally returns again to its original fiery red. It 
fuses with difficulty, without intumescence, to a black, brilliant 
glass. 

With borax it dissolves, and gives a glass which has a more 
or less beautiful chrome-green color, in proportion to the quan- 
tity of the fiux. 

It is very slowly dissolved by the salt of phosphorus, leaving 
a siliceous skeleton. The glass acquires a green color before 
the assay is decomposed. The fragment remains for a long 
time undissolved, retaining its red color, but at length gradually 
becomes converted into a siliceous skeleton. The bead is opa- 
lescent on cooling, and becomes chrome-green. 

It is decomposed by soda, but hardly dissolved ; it forms a 
reddish-brown, slaggy bead. 

|9. PyropCy from Bohemia, becomes black and opaque when 
heated ; seen by transmitted light as it cools, it changes from a 
dirty yellow to red, and when entirely cold, it recovers its 
original color. 

With borax it dissolves to a glass strongly colored by iron, 
without a distinct tinge of chrome-green. 

With salt of phosphorus it behaves like the preceding, except 
that the glass is not so strongly tinged with green. 

With soda it behaves like the preceding. 

• . ... 

Ca' I ••• Al ) ••• 

Uwarowite^ - 3 > Si-|- -• > Si, from Bisersk, Siberia- 

Alone in the matrass, it gives off water, and acquires a dingy, 
opaque, yellowish color as long as it remains hot, but on cool- 
ing it becomes green again. 

In the forceps it is infusible ; on the edge, where the heat was 
greatest, it becomes darker colored and brownish. 

It is taken up by borax with exceeding slowness. The glass 
Is chrome-green. 

It is also very slowly dissolved by salt of phosphorus. The 
glass exhibits the usual play of colors of the oxide of chrome ; 
while hot it is transparent, and has a purple tinge ; afterwards 
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it becomes opaque, but when entirely cold, it has a fine, elear, 
emerald- green color. , 

With soda on charcoal it forms a greenish-yellow slag. On 
platina the melted soda around the assay is tinged with the 
characteristic yellow of chromic acid. 

One-third silicate of lime^ with one-sixth silicate of alumina* 



\ Si, 



* * * * A 1° 

2 Ca' Si + ... \ Si, Gehlenite^ from Monzoni, in the Fassa 
Fe« ' 

valley. 

Alone it does not fuse or undergo any change. 

With borax it dissolves with great difficulty to a glass which 
is faintly colored by iron. 

With the salt of phosphorus it gradually becomes trans- 
lucent on the edges, without intumescing, and afterwards dis- 
solves entirely. 

With soda it intumesces, but does not fuse. 

With the solution of cobalt it gives a dark dingy blue. 

Addition, Anthophyllite^ from Greenland. 

Alone, either in fragments or pulverized, it remains unal- 
tered and infusible. 

With borax it dissolves with difficulty ; the glass is colored 
by iron. 

With salt of phosphorus it dissolves slowly, leaving a silice- 
ous skeleton. 

With soda it fuses slowly to a slaggy mass. It does not 
exhibit traces of manganese. 

• • • • 

Two-thirds silicate of alumina and magnesia^ (3 Mg' Si -{- 

2 Al Si + 3 H) + 4 (Mg3 SP + 3 H), (3 MS+2 AS + Aq) 
+ 4 {MS'^ -\- Aq)^ Soapstone^ from Cornwall. 

Alone in the matrass it gives off water and blackens. On 
charcoal it bums white again, and then fuses to a- colorless, 
blebby glass. 

It is slowly but perfectly dissolved by borax to a transparent 
glass. 

With salt of phosphorus it behaves like the preceding. 

With soda an imperfectly fused, semi-transparent glass can 
be obtained at a high temperature ; it does not become more 
fusible on the addition of more soda. 

With the solution of cobalt it acquires a dirty dark violet 
color, but is blue on the fused edges. 

Saponite, 2 Mg» Si' + AlSi -f- 6 H {2MS''+AS+2Aq), 
from the mine of Brukswed-Swartwick, Dalecarlia. 



Its BBHAYIOB OF MINEBALS BEFOBB THE BLOWPIPE. 

Al(Hie in the matrass it gives off water, which smells burnt, 
and blackens. 

In thin splinters it fuses to a blebby enamel, which cannot be 
melted to a bead. 

With borax and salt of phosphorus it behaves like the pre- 
ceding. 

It fuses with soda to a clouded glass, 

Two-thirds silicate of magnesia^ toith one-third silicate of 
alumina^ Dichroite. 

a. Blue dichroite^ 



2^^ 
Fe3 



1^3 I Si2+5AlSi, (^^] s^ + 5a;s\* 



lolite^ Steinheilite, Cordierite^ Saphir d^eau^ from Onjerfvi 
and from Sala. 

Alone it remains unchanged at a moderate heat ; at a higher 
temperature it fuses with difficulty on the edges to a glass, 
which has the same color and degree of transparency as the 
mineral itself. 

With borax and salt of .phosphorus it behaves like the pre- 
ceding. 

Soda does not dissolve it ; with a small proportion of the 
• flux it gives a dark-grey, vitreous slag ; with more it swells up 
and becomes infusible. 

With the solution of cobalt it becomes black, but on the 
fused edges, greyish-blue. 

b. Red dichroite^ 
2 Mg3Si«+3^.^ [S'i, /2MS^+S^\ s\ 

Hard Fahlunite^ from Fahlun. 

Alone in the matrass it gives off water, loses its color, be- 
comes white and semi-transparent. On charcoal it fuses to a 
colorless, semi-transparent glass. 

Borax dissolves it slowly, but in large quantity, to a transpa- 
rent glass, which cannot be rendered opaque by flaming. 

It is dissolved by the salt of phosphorus like the preceding. 

With a certain proportion of soda it dissolves to a very diffi- 
cultly fusible, colorless, semi-transparent glass. With more 
soda it swells up and becomes infusible. 

* This formula is calculated from an analysis of the dichroite, from Orrjerf- 
ti, furnished to me privately by Boasdorff. 
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With the solution of cobalt it does not give a decided color 
till after it is fused, when it forms a blue glass. 

Two-thirds silicate of magnesia^ with two'thirds silicate of 
Qjumina. Pyrophyllite^ from Blagodadskoi. 

Mg^ Si' + 9 Al S>+9 H(J»fS'* + 9^S'+3 Aq), 

In the matrass it gives off a very little water, and acquires 
the same silvery lustre which some kinds of mica do. Thick 
fragments sometimes split and decrepitate. 

In the forceps it splits longitudinally and exfoliates, after- 
wards at a higher temperature it swells up in all directions, with 
a vermicular movement, into various distorted, snow-while 
forms, which are infusible, and seem to consist of small scales. 
It has a greasy feel, with hard points interspersed in the mass. 

It is readily dissolved by borax and in large quantity to a 
transparent, colorless glass. 

With the salt of phosphorus it gives a very much swollen 
siliceous skeleton, which gradually dissolves, and the glass be- 
comes opalescent. 

With soda it gives a transparent, colorless glass. 

With the solution of cobalt a fine blue color is obtained. 

One-third silicate of the 'protoxides of iron and manganese^ 
with one-third silicate of alumina. 



Mn3 
Fe3 



\ Si+3AlSi + 6H fy\s + SAS-{-2Aq\ 

Carpholite^ from Schlackenwald, in Bohemia. It also contains 
0.0147 per cent, of fluoric acid, which is not included in the 
formula. 

Alone in the matrass it gives off water, which, after the 
assay has been ignited, is acid, attacks the glass and colors 
Brazil-wood paper yellow. The glass is spotted with silica de- 
posited by the fluoric acid. On charcoal it first swells up and 
becomes whiter, and then fuses to an opaque, brownish glass, 
which acquires a considerably darker shade of color in the 
exterior, than in the interior flame. 

It is reaxiily dissolved by borax to a transparent glass, which 
is colored with manganese in the exterior flame, but acquires a 
faint greenish tinge in the interior flame. 

With salt of phosphorus it swells up and gives a siliceoua 
skeleton resembling ice, but this skeleton fuses very readily and 
gives a transparent glass, which becomes strongly opalesc€»ot 
on cooling. In the oxidating flame it acquires a distinct ame- 
thystine color. 

15 
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Treated with soda on charcoal it does not dissolve ; the frag- 
ment swells up and acquires a fine green color. On platina 
foil, on the contrary, if a sufficient quantity of soda is added, 
it dissolves and forms a fusible, dark green mass. 

With the solution of cobalt it acquires a dark, and some- 
what dirty, blue color. 



G. Silicates of altamna tmd metallic oxides. 

Basic silicate of ahimitia and peroxide of iron. Staurotide^ 
from St. Gothard. 

Alone in fragments it undergoes no change, and does not 
fuse, but acquires a darker color, inclining to black. If finely 
pulverized, it can be fused on the edges to a black slag. 

It is slowly dissolved by borax into a clear, dark green glass, 
which is colored by the protoxide of iron. 

It is very slowly dissolved by the salt of phosphorus, unless 
pulverized. In that case it leaves very little or no silica undis- 
solved ; the bead, while hot, is greenish-yellow and transpa- 
rent, but loses its color and becomes opalescent on cooling. 

It is not dissolved by soda, but combines with it with effer- 
vescence, and gives a yellowish slag. 

With the solution of cobalt it does not become blue, but ac- 
quires in the fused portion a dark color, which inclines to a 
dirty blue. 

Basic silicate of alumina and protoxide of iron. Chlorite 
spar or Chloritoid^ from Kassoibrod, near Catherinenburg. 

Alone in tiie matrass it gives off a small qiaantily of water, 
and becomes brown. 

In the forceps it exfoliates, and acquires a slaggy appear- 
'ttnce on its extreme edges, but even if pulverized it does not 
show the least signs of fusion. 

In the reducing fiame it becomes blackish-brown, and ^lits. 

It is very slowly taken up by borax, and llie glass is colored 
green by iron. The undissolved portion, as long as any re- 
mains, is black. 

Its behavior wi^ sak of phosphorus is the same, except that 
Ae color of the glass » far paler. When pulverized it dis- 
VOl^es, leavii^ a siliceous skeleton, which remains partiaUy 
undissolved, and gives the bead an opalescent a^^iearance. 
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Soda does not attack it at all, either on charcoal or platina ; 
it does not exhibit traces of manganese. 

Basic silicate of alumina and oxide of copper. AUaphane^ 
from Saxony. 

Alone in the matrass it gives off water, and becomes black 
in spots. It becomes evident that the mass is a heterogeneous 
mixture, and that it is traversed by white layers which do not 
become colored. The water has a slightly acid reaction on 
litmus-paper. 

On charcoal or in the forceps it does not fuse, but swells up, 
crumbles, and tinges the flame with the characteristic green 
color of copper. 

It is dissolved by borax with the greatest difficulty to a color- 
less glass, which is slightly reddish in the interior flame, and, 
with the addition of tin, opaque and colored red by the prot- 
oxide of copper. 

It is readily decomposed by the salt of phosphorus, and 
leaves a siliceous skeleton, showing indistinctly the characteris- 
tic color of copper. With the addition of tin, the glass is red. 

It is not dissolved by soda ; the mass is green in the oxidat- 
ing flame, and red in the reducing flame ; with the addition of 
borax, a button of metallic copper can be obtained: 



H. Silicates containing glucina and ahmincu 

Silicate of alumina and glucina. 

a. Emerald, Beryl, O Si*+2AVs>, (GS« + 2 ji 5'). 

Alone at a moderate temperature it remains unchanged. In 
thin splinters, if strongly heated for a long time, it becomes 
rounded on the edges, and forms a colorless, blebby slag. The 
transparent portion becomes milk-white when exposed to the 
action of the strongest possible flame. 

With borax it dissolves to a transparent, colorless glass. 
The variety colored by chrome gives a glass, which acquires 
on cooling a faint, but beautiful tint of green. 

It is slowly dissolved by salt of phosphorus, without leaving 
a siliceous skeleton ; the fragment reonains unchanged in ap- 
pearance, but gradually diminishes in size, and gives a bead, 
which becomes opalescent on cooling. The glass is colored 
green by the variety which contains chrome. 

Soda dissolves it to a transparent, colorless glass. The yel- 
lowish variety with a granular fracture, from Broddbo and Fin- 
bo, gives, by the process of reduction, distinct traces of tin. 
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With the solution of cobalt it gives a dingy color, which can 
hardly be called blue. 

b. Euclase, G Al + 3 (O Si + AlSi), {GA + 3 G 5+ 3 
A S). 

Moderately heated alone it remains unaltered. At a higher 
temperature it swells up, becomes white, throws out cauliflower- 
like ramifications, and fuses in a strong heat on its thin edges 
to a white enamel. 

In borax it swells up with effervescence, and becomes white. 
Afterwards it gradually dissolves to a transparent, colorless 
glass. It is very difficult to dissolve perfectly the last portions. 
The glass cannot be rendered opaque by flaming. 

It is dissolved by salt of phosphorus with slight effervescence, 
which very soon ceases. It gives a siliceous skeleton, whiter 
than usual, which does not become more minutely divided. 
The glass is, otherwise, transparent and colorless, but becomes 
opalescent on cooling. 

With a certain proportion of soda it fuses to an opaque 
bead ; with more soda it gives a transparent glass, which be- 
comes cloudy on cooling ; a still larger portion of soda sinks 
into the charcoal, and the residuum fuses as before. By re- 
duction a trace of tin is obtained. 



• • • •• • 



Basic silicate of alumina with aluminate of glucina^ €r Ai^, 
(G-4^), Cymophane^ Chrysoheryl^ from Ceylon and Connecti- 
cut. 

Alone it undergoes no change. Pulverized, the edge of the 
mass acquires a vitreous appearance in an intense heat, but 
does not fuse. 

It is slowly dissolved by borax to a transparent glass, which 
does not become opaque at any degree of saturation. 

Salt of phosphorus dissolves it slowly and completely to a 
transparent glass, which does not become opalescent on cool- 
ing. • 

It is not attacked by soda, and does not swell up ; the frag- 
ment becomes dull upon the surface. Soda does not decom- 
pose even the pulverized mineral. 

With the solution of cobalt it acquires a fine blue color, but 
does not fuse. 

One-third silicate of glucina and peroxide of iron^ with 
two-thirds silicate of the protoxide of manganese and oxy^ 
sulphuret of manganese, Helvine^ from Schwarzenberg in the 
Saxon Erzgebirge. The analysis of this singularly constitut- 
ed mineral, by Che. Gmelin, gives the following formula: 

3 (Mn Mn + 3 Mn S>) + (€^ sV+Fe Si), in which it is taken 
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for granted that the iron exists in the mineral in die state of 
peroxide and not of protoxide, with which supposition the coLot 
of the mineral, as well as the loss in the analysis, agrees very 
well. 

Alone in the matrass it gives off water, without losing its 
sulphur^yellow color, or its transparency. On charcoal it fuses 
in the interior flame, with effervescence, to an opaque head of 
nearly the same color as the mineral. In the exterior flame it 
is far less fusihle, and acquires a dark color. 

It is slowly dissolved hy horax to a transparent glass, which, 
so long as any portion of the assay remains undissolved, is yel- 
low, which color it retains partially on cooling. This color is 
caused hy the formation of sulphuret of sodium. After all is 
dissolved, it becomes colorless in the interior flame, and strong- 
ly amethystine in the exterior flame ; but the shade of color in 
the latter case is less clear. . 

It is tolerably easily dissolved by salt of phosphorus, leaving 
a siliceous skeleton. The glass is colorless, cold or hot, but it 
becomes opalescent on cooling. 

With soda it swells up at first, and then fuses to a black 
bead, which becomes chestnut-brown in the reducing flame. 
On platina foil it swells up at first, divides and becomes chest- 
nut-brown without coloring the soda ; but if the heat be con- 
tinued it acquires the color of manganese, and is converted 
into chameleon mineral. 

If a large quantity of soda is added, so that the mass lique- 
fies on the charcoal, and the whole be then laid on silver foil and 
moistened with water, the silver is blackened. With a solution 
of helvine in soda glass it is not possible to obtain distinct traces 
of sulphur. 

I. Silicates containing yttria and protoxide of cerium. 

OnC'third silicate of yttria^ with onS'Sixth silicate of the 
protoxide of cerium and iron, Gadolinite^ from Ytterby, 
Finbo, and Broddbo. The Gadolinite is a mixture of basic sil- 
icates. The bases are : yttria, terbinia, proto-peroxide of er- 
bium, glucina, protoxide of cerium, oxide of lantanium, proto- 
peroxide of iron, and protoxide of manganese. 

The Gadolinite is of two kinds, of which the first, (a) is vit- 
reous, and resembles black glass ; the other, (?) has a splintery 
and less conchoidal fracture than the other. It seems to be an 
intimate mixture of Gradolinite and orthite. 

Var. a. Alone in the matrass it undergoes no change, and 
15 • 
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does not give ofT water ; if the matrass is heated almost to the 
melting point, the assay gives out a momentary light as if it 
had taken fire ; it swells up a little, and, if the fragment is 
large, it cracks and acquires a light, greyish-green color. 
Nothing volatile escapes from it. On charcoal the same ap- 
pearance is noticed ; it does not fuse, hut in a strong heat it 
blackens on its thin edges. 

Var. j9. Alone it swells up into cauliflowgr-like ramifications 
and becomes white ; it gives off moisture. It is seldom that 
the above-described appearance of light can be observed in 
this variety. They both, however, behave alike with the 
fluxes. 

It is readily dissolved by borax to a dark glass deeply colored 
by iron, which becomes bottle-green in the reducing flame. 

It is acted on by salt of phosphorus with great difficulty. 
The glass acquires a tinge of iron, and the fragment becomes 
rounded on the edges, but remains white and opaque, so that 
the silica is not set free by the phosphoric acid, by which this 
variety of the Gadolinite is distinguished from that of Kararfvet 

Soda dissolves it to a reddish-brown, semi-fused slag. The 
variety fi fuses with soda to a bead, if the quantity of the flux 
is not too great. Neither variety exhibits on platina foil the 
least trace of manganese. 

One-third silicate of yttria^ mixed with silicates of lime, 
glucina, smd the protoxides of cerium, iron, and manganese, 
to all appearance in uncertain proportion and in trifling quanti- 

tity, Y^ Si, Gadolinite^ from Kararfvet.* 

Alone in the matrass it gives off* a little water. On charcoal 
it bums white', and fuses in a strong heat, without swelling up, 
to a dark, pearl-grey or reddish, opaque glass. 

It is readily dissolved by borax to a transparent glass slight- 
ly colored by iron. If the bead is saturated, the opaque glass 
crystallizes on cooling, and acquires a greyish tint, inclining to 
red or green, according to the degree of oxidation of the iron ; 
but the enamel-like opacity which characterizes yttria cannot 
be obtained with the Gadolinite. 

It is dissolved by salt of phosphorus, leaving a siliceous 
skeleton, and giving an almost colorless glass, which becomes 
opalescent on cooling. 

With soda it fuses with difficulty to a greyish-red slag. On 
platina foil it gives a trace of manganese. 

* For this examination the purest Gadolinite, havin? a granular fracture 
and yellow color, was used. It often contains a kernel oT vitreous Gadolinite ; 
both kinds of reaction are obtained, if a mixture of both varieties is used for 
blowpipe experimentation. 
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One-third silicaie of yttria^ protoxide of cerium^ oxides of 
lantanium and didymium^ alumina^ lime^ and the protoxides of 
iron and mangajiese ; it cannot be reduced to a determinate 
formula. 

Cerine^ from Bastnas. 

Alone in the matrass it gives off water, without changing its 
appearance ; the water is not chemically combined with the 
mineral. It fuses readily with intumescence to a black and 
brilliant bead. 

It is readily dissolved by borax. The glass is black and 
opaque, but becomes blood-red in the exterior flame, as long 
as it remains hot, and more or less darkly yellow on cooling ; 
in the reducing flame it acquires a fine green tinge of iron. 
The bead does not become opaque by flaming. 

It is decomposed by salt of phosphorus, leaving an opaque 
'siliceous skeleton. The glass is tinged with iron while hot, but 
it becomes colorless and opalescent on cooling. 

It dissolves with soda to a black glass, which is not rendered 
less fusible by the addition of more of the flux. 

Remark, I have not had an opportunity of examining 
Thomson's Allanite before the blowpipe. It seems to behave 
very much like cerine. 

Orthite, from Finbo and Gottiiebsgang, and also from the 
granite near Stockholm and Soderkoping. Orthite contains 
between 5 and 9 per cent, of chemically combined water. 

Alone in the matrass it gives off water, and acquires a light- 
er color at a high temperature. On charcoal it puffs up, be- 
comes yellowish-brown, and finally fuses, boiling violently, to 
a black, blebby glass. 

It is readily dissolved by borax. The glass is blood-red in 
the oxidating flame while hot, and yellow after cooling. In 
the reducing flame it is colored green by iron. 

It is dissolved with the usual phenomena by the salt of phos- 
phorus. 

With soda it swells up ; with a very small quantity it fuses, 
with more it swells up to a greyish-yellow slag. On platina 
foil it exhibits traces of manganese. 

Pyr orthite^ (CS-|-3-4 5), containing one-third its weight 
of carbon and one-fourth its weight of water, also a considera- 
ble amount of ceS, and small quantities of FS^ mnJS^ and YS^ 
from Kararfvet. 

Alone in the matrass it first gives off a large amount of 
water, which, towards the end of the operation, acquires a yel- 
lowish tint and smells burnt. The mineral is then coal-black. 
Gently heated on charcoal, and then raised at one point to a 
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red Keat, k takes fire and contiAueB to bum willioat flame or 
smoke. If several small fragments be placed toge^er, or if 
a little heap of the pnlyerized miiieral be used, the combustion 
goes on much more actively. It is rendered more lively by 
gentle blowing. After the combustion is finished, the mineral 
IS white, or greyish-white ; the color varies with different frag- 
ments, and sometimes inclines to red. The mineral is now so 
porous and light, that it cannot be made to remain upon the 
charcoal when the flame is directed upon it. Held in the for- 
ceps, it fuses with difficulty to a black bead with a dull surface. 

With borax, it dissolves readily to a glass, which behaves 
like the borax glass of the preceding variety. 

It is dissolved with difficulty by salt of phosphorus. The 
porous fragment remains on the surface of the globule as long 
as it continues fused, but it sinks into it as it cools. If \he bead 
be heated again, it makes its appearance again on the surface. ' 

It behaves with soda like orthite. 



Titanic acid and its salts. 

Titanic acid^ Ti.* 

a. Andlase^ from Oisan. 

Behaves like pure oxide of titanium. In general it may be 
remarked, that the natural oxides of titanium dissolve with dif- 
ficulty in salt of phosphorus, and that the undissolved portion 
looks white and opaque, like a salt mingled with the flux. 

b. Rutile and acicular titanium behave like oxide of titani- 
um, but the hyacinth color which they give in the oxidating 
flame is never so clear as that obtained with anatase. With 
soda on platina foil, the flux is colored green on its edges, a 
proof of the presence of manganese. 

Remark, Rutile from Karingbricka, oflen gives with the flux- 
es in the oxidating flame a chrome-green glass, and colors soda 
yellow, when fused with it in the oxidating flame. Often, on 
the contrary, the presence of chrome cannot be detected. It 
seems, therefore, to be an inconstant and varying ingredient in 
the mineral. 

Titanite^ Sphene^ a combination of titanate and silicate of 
lime, in not yet accurately determined proportions. 

* For the general behavior of titanic acid in the salts of the titanates, see 
pa^ 62. I remark once for ail, that in this and the following divisions I 
shall notice the general behavior of the substance under consideration only 
when there is some discrepancy which deserves notice. 
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^one in the matrass it gives off a small amount of water,' 
which, however, seems to be only hygrometric moisture. The 
yellow variety undergoes no change ; the brown turns yellow, 
but retains the same degree of transparency. A variety from 
Frugard, in Finland, exhibits the same phenomena of light as 
the glassy Gadolinite, but far less intensely. 

On charcoar, or in the forceps, it fuses on the edges with 
slight intumescence to a dark glass. The unfused portion re- 
mains light yellow and semi-transparent. 

It dissolves tolerably readily with borax, to a transparent, yel- 
low glass, which becomes darker with a larger quantity of the 
assay ; the characteristic color of titanium cannot, however, be 
obtained with borax. 

It is slowly dissolved by salt of phosphorus ; the undissolved 
portion becomes milk-white. In a strong reducing flame the 
color of titanium appears, but more readily if tin be added. If 
the blast be continued for a long time, the bead becomes opa- 
lescent while cooling. 

It dissolves with soda to an opaque glass, which cannot be 
rendered transparent by any proportion of the flux. On cooling, 
its reaction is characteristic of the oxide of titanium. With 
a large portion of soda it sinks into the charcoal, and iron can 
be obtained by reduction. 

Titanate of zirconia^ yttria^ protoxides of cerium^ manga' 
nese and iron^ lime and other bases. Polymignite^ from Fred- 
rikswarn. 

In the matrass it does not give off water. On charcoal it 
undergoes no change in color or lustre, neither does it fuse. 

With borax it dissolves readily to a glass colored by iron, 
which, with a larger portion of the assay, acquires the property 
of becoming opaque by flaming, when it generally acquires a 
color inclining to brownish-yellow. With a still larger quanti- 
ty it becomes opaque on cooling. With tin the bead takes a 
reddish tinge, inclining to yellow. 

It is not easily dissolved by salt of phosphorus ; the glass has 
a reddish tinge in the reducing flame, which color is not chang- 
ed by the addition of tin. 

It is decomposed by soda, and becomes greyish-red, but does 
not fuse ; on platina foil it exhibits traces of manganese. 

Titanate of zirconia^ with protoxide of cerium^ lime^ and 
protoxide of iron, Aeschynite^ from Miask in the Ural Mts. 

Alone in the matrass it gives ofi* water, without changing its 
appearance. In the open tube it gives evident traces of fluoric 
acid. 

On charcoal or in the forceps it puffs up as it begins to be 
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ignited, enlarges in all diyections, especially in the direction of 
the fibres, bends to one side, remains smooth on the surface, 
becomes rusty-yeilow, and fuses on its extreme edges to a black 

<*ag-. 

It is readily dissolved, and in large quantity, by borax ; the 

glass is dark yellow, both in the oxidating and reducing flame ; 

it becomes opaque by fkiming, and with a large portion of the 

assay, of itself; with tin, the borax glass becomes transparent 

and blood-red afler it is perfectly cold. 

It is readily dissolved by salt of phosphorus. The glass is 
colorless and transparent. With a large quantity of the assay 
it becomes pale yellow, and as long as it remains hot dark 
yellow ; it deposits a white, undissolved substance. In the re- 
ducing dame it acquires, especially with the aid of tin, a dirty 
dark brown color, which, if the operation of reduction is suc- 
cessful, changes to a clear color of the protoxide of titanium. 

It is decomposed by soda, without fusing; a rusty-yellow 
mass remains. A few globules of tin are obtained by reduc- 
tion ; it gives no trace of manganese on platina foil. 

Titanate of zirconia^ toiih two-thirds silicate of lime^ mag- 
nesiay and the protoxide of iron, Oerstedine^ from Arendal. 

Alone in the matrass it gives off water, without changing its 
appearance externally. It is infusible. 

borax dissolves it exceedingly slowly. The undissolved por- 
tion is milk-white, the glass is colorless. If pulverized, it dis- 
solves much more readily, without leaving a residuum. 

Its behavior with salt of phosphorus is the same. With tin, 
the reaction of titanium can be sometimes obtained ; sometimes, 
or rather, generally, the attempt does not succeed ; why, I am 
unable to say. The glass treated with tin becomes, afler being 
strongly heated, opaque, white and crystalline, on cooling. 

With soda on platina it does not dissolve ; the fused soda is 
yellowish, and ai\er cooling, white, inclining to green. On 
charcoal, the soda sinks into the charcoal, and leaves a greyish- 
yellow slag. By reduction, traces of tin are obtained. 

Titanate of the protoxide ofiron^ at various degrees of satu- 
ration, Crichtonitej Menaccanite^ Nigrine^ Iserine^ Bmenite^ 
Volcanic iron. Iron sand, and in general all varieties of mag- 
netic iron ore with a vitreous fracture. 

Alone it remains unchanged and infusible. With the fluxes 
it behaves like the pure protoxide of iron ; but if it is dissolved 
in salt of phosphorus, and the glass reduced, after the color of 
the protoxide of iron has disappeared, a more or less deep shade 
of red makes its appearance, which is deepest at the last instant 
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of eooling. The depth of the color gives an idea of the amount 
of titanic acid present. The addition of tin brings out the 
characteristic color of titanium, if the amount present is con- 
siderable. If the quantity of titanium is small, the odor disap- 
pears after fusion with tin. (See jdbove, the reaction of the 
oxide of titanium.) With soda on platina foil, several varieties 
give traces of manganese. 

Remark, If the same experiments be made with an oxide of 
iron which does not contain titanium, it often happens that the 
reduced glaiss, when cold, has a tinge of yellow or red, so that 
an inexperienced person who expects to obtain a perfectly col- 
orless glass, may be led to suspect the presence of a small 
amount of titanium. As long, however^ as the reaction is in- 
decisive, this is no reason to suspect the presence of titanium. 



Tantalic acid, and salts of the tantalates. 
One'third tantalate of lime and yttria, mixed with a little 

'tan- 
' Uaa j 

taUte^ from Ytterby. 



Y3 ) ... 

tungstate of the protoxide of iron, a « > Ta, Dark yttro-i 



One-third tantalate of lime and yttria^ with a considerable 
quantity of one-third tungstate of the protoxide of iron^ 

Y3 y < ... £Zac^ y^iro-^aniaZtfe, from Finbo, Ytterby, and 




Fe3 
K4rarfvet; and 

Y*) ... 

One'third tantalate ofyttria and oxide of uranium^ .« > Ta, 

Yellow yttro'tantalite^ from Ytterby and Finbo. 

These various yttro-tantalites behave before the blowpipe as 
follows : 

Alone in the matrass they give ojQT water and become yellow, 
if they were black at first. Some become spotted with black, 
whi<^ ^pots do not undergo farther change. By ignition they 
become white, and the glass is attacked above the assay. 
The water colors Brazil-wood paper yellow at first, and then 
bleachqs it. 

la the forceps ^ -on charcoal they are infusible. 
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Borax dissolves them to an almost colorless glass, which, on 
the addition of more of the flux, becomes of itself opaque. 

They are dissolved by salt of phosphorus, and at first oxide 
of tantalium remains undissolved as a white skeleton, but with 
a strong heat this is also .dissolved. The black yttro-tantalite 
from Ytterby gives a glass which is faintly tinged with rose-red 
in a strong reducing flame afler cooling, which is caused by the 
presence of tungsten. The dark and the yellow varieties from 
Ytterby become faintly but beautifully green on cooling, from 
the presence of uranium. The yttro-tantalite from Finbo and 
Kararfvet gives a deep color of iron, which conceals the charac- 
teristic color of the uranium. 

They are decomposed by soda without dissolving. On platina 
foil they exhibit traces of manganese. By reduction with soda 
and borax traces of tin are obtained. The variety from Finbo, 
however, contains so much iron, that tin cannot be detected in 
this way. 

Tantalate of yttria^ protoxide of cerium and zirconia, Fer- 
gtisonite^ from Kikertaursak, not far from Cape Farewell in 

Greenland. Y** Ta, Ce' Ta, Z? Ta. 

Alone on charcoal it gives ofl* water, first becoming dark, 
and then pale, yellow. It cannot be fused on charcoal. 

It is dissolved by borax with difficulty ; the glass is yellow as 
long as it remains warm. The undissolved portion is white. 
The saturated glass can be rendered opaque, with a tbge of 
dirty yellowish-red, by flaming. 

It is slowly dissolved by salt of phosphorus ; the undissolved 
portion is white. The glass is yellow in the oxidating flame 
and colorless in the reducing flame, or if fully saturated it in- 
clines to red ; in this case it can easily, be rendered opaque by 
flaming or on cooling, which is not the case with a moderate 
quantity of the assay. 

Fused with tin, the glass of the salt of phosphorus does not 
become colored, but the undissolved portion inclines to flesh-red. 

It is decomposed, without dissolving, by soda, and leaves a 
reddish slag. 

Numerous globules of tin are obtained by reduction. 

Tantalate of lime, protoxides of cerium^ manganese and iron^ 
and oxide of uranium, with a small amount of titanic acid, 
oxide of tin and fiuor, Pyrochlore, from Fredriksvam, 
Norway. 

Alone it becomes clear brownish-yellow, retains its lustre, 
and fuses with difficulty to a dark brown, slaggy mass. 

It dissolves perfectly with borax to a transparent glass, which 
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is reddish-yellow in the oxidating flaftie, and which can easily 
be rendered opaque by flaming. If a large proportion of the 
mineral be employed, the bead is converted of itself into a 
white enamel on cooling. In the reducing flame a dark red 
bead is obtained like that of ferriferous titanic acid, which can 
be converted into a light, greyish-blue enamel, often with stripes 
of clear blue, by flaming. 

In the salt of phosphorus it dissolves perfectly, effervescing 
at first. In the oxidating flame the bead is yellow as long as it 
remains hot, but on cooling, generally grass-green. In the 
reducing flame this fine green is gradually converted into a 
dirty color, and af\er it has been subjected to the reducing 
flame for a short time, a bead is obtained, which has a deep 
red color inclining to violet, like that given by iron containing 
titanic acid. This color can be driven off in the oxidating 
flame, and the bead has then a fine grass-green color, like that 
given by uranium, if the heat be not too long continued. With 
soda on platina foil it gives traces of manganese. 

Neutral tantalate of the protoxides of iron and manganese^ 
Fe Ta -f- Mn Ta, KimitO'tantalite. 

Alone it is entirely unchangeable. 

It is gradually and perfectly dissolved by borax. The glass 
indicates only iron by its color, but it can be rendered greyish* 
white by flaming, at a certain degree of saturation, and it be- 
comes of itself opaque on cooling, if still more fully saturated. 
The glass has while transparent a faint bottle-green color. 

It is slowly dissolved by salt of phosphorus, and shows only 
the color of iron ; the glass does not become red on cooling 
after being heated in the reducing flame, which proves the 
absence of tungstic acid. 

With soda on platina foil it exhibits traces of manganese. 
On charcoal, with the addition of a little borax, wfiich dis- 
solves the tantaliferous combination and prevents the reduction 
of the iron, tin is obtained by reduction in the usual way. 

Neutral tantalate of the protoxides of iron and tnangan$s$ 
mixed with the stannate of the same bases^ 



Mn ) ( Ta ^. ^ 

« > \ ^' * F%noo4antahte. 

Fe I I Sn 



Behaves like the variety from Finland, but gives a con- 
siderable quantity of tin by reduction in the usual way. Il 

16 
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seems to contain an uncertain amount of tin, and some speci- 
mens are evidently only tantaliferous oxide of tin. The pres- 
ence of tantalium can always be detected by its property of 
giving with borax a glass more or less faintly tinged with iron, 
which can be rendered enamel-like by flaming. 

Neutral tantalaie oflime^ protoxides of iron and manganese^ 
with tungstaies and stannates of the same hases^ 

Mn ) ( Ta 

Fe / ^ W , Broddho'tantalite. 

Ca ) i Sn 

Alone it remains unchanged. 

With borax it behaves like the preceding. 

With salt of phosphorus it is slowly dissolved ; in the oxi- 
dating flame, with the characteristic color of iron ; in the re- 
ducing flame, it acquires a red color, which deepens on cooling, 
and indicates the presence of tungsten. The addition of tin 
does not change this color, or produce the green color wliich is 
obtained with pure tungsten. 

With soda it behaves like the preceding, but gives a larger 
quantity of tin by reduction with soda and borax. 

TioO'thirds tantalate of the protoxides of iron and manga- 
nese^ 



^y lTa« 
Mn' j ** ' 



,, , , -^ , BodenmaiS'tantalite. 
Mn' 

Alone it remains unchanged. 

It is readily dissolved by borax to a black or deep brown, 
almost opaque, bottle-green glass, which cannot be rendered 
opaque Jby flaming, unless colored so deeply by iron as to be 
opaque ; this circumstance distinguishes the basic tantalate 
f^m the neutral. 

It is slowly dissolved by salt of phosphorus to a glass deepljr 
colored by iron, in which it is not possible to detect a trace of 
tungsten. 

With soda it gives on platina foil traces of manganese. 
With soda and borax it gives by reduction traces of tin. 

Addition. Tantalite from Haddam, in Connecticut. 

Behaves with borax like the variety from Bodenmais, and 
with salt of phosphorus like that from Broddbo, and seems to 
be a basic tungsteniferous tantalite. 
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Oxide oftantalium combined vnth the protoxides of iron and 
manganese^ 



Fe 
Mn 



} TaS 



Tantalite untk cinnamon-brovm streaky from Ki- 



mito. 

Alone it undergoes no change. 

It is so slowly dissolved by borax that it appears to be inso- 
luble ; but if the finely levigated powder be employed, it dis- 
solves gradually, although it requires long and strong heating. 
The glass is not colored by peroxide of iron, but retains the 
dark-green color characteristic of the protoxide as long as any 
portion of the assay remains undissolved. This l)ehavior de- 
pends on the insolubility of the oxide of tantaiium in borax, as 
well as on its property of acquiring a higher degree of oxidation, 
so that it dissolves, and the peroxide of iron formed in the oper- 
' ation is reduced'to the state of protoxide. 

It is more readily dissolved by the salt of phosphorus, and be- 
haves in this respect like the Kimito-tantalite. 

It is decomposed by soda without being dissolved ; by reduc- 
tion in the usual manner it gives tin, and on platina foil the 
reaction of manganese. 

Oxides of Avtimony. 

' .«• 

Oxide of antimony^ Sb, White antimony ^ behaves exactly 

like the artificially prepared oxide (page 60). 

... /r* 

Oxysulphuret of antimony^ Sb + 2 Sb, Red antimxmy^ (Roth- 
spiesglanzerz,) behaves like the sulphuret of antimony (page 
108). 

Antimonious acid^ Sb, formed from sulphuret of antimony. 

Alone in the matrass it gives off water, and is, therefore, 
hydrous antimonious acid. On charcoal it is not reduced, but it 
coats the charcoal with a trifling deposit of antimony. With 
soda it is reduced to the metallic state. When the globules 
collect and volatilize, it can be seen whether the acid is pure 
or not 

TuNGSTic Acid and Salts of the Tungstates.* 

Tungstic acid^ W, from Connecticut, behaves exactly like 
the artificially prepared tungstic acid. 

* The general behavior of tuogstic acid in the salts of the tungstates will 
be found on page 57. 
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_ • ••• 

Tangstate of lime^ Ca W, (Schwerstein.) 

Alone in the matrass it suffers no change. On charcoal it 
fuses on its thin edges, at a high temperature, to a semi-trans- 
parent glass. It is readily dissolved by borax to a transparent 
glass which quickly becomes opaque, milk-white and crystal- 
line ; it does not become colored by the reducing flame, even 
with the addition of tin. 

It is readily dissolved by salt of phosphorus to a glass which 
is transparent and colorless in the exterior flame ; in the interior 
flame the glass is green, as long as it remains hot, and has a 
fine blue color on cooling. If tin be added, the glass acquires 
a deeper color and becomes green. If the blast be continued 
for a long time, and a suflicient quantity of tin be added, the 
tungsten is precipitated, and finally only a faint greenish tinge 
remains. 

With soda it forms a swollen, white slag, rounded on the 
edges. 

Tungstite of the protoxides of iron and manganese^ 



Fe ) .. 

> W, Wolfram. 



Mn 

Alone in the matrass it sometimes decrepitates and gives oflT 
a little moisture. On charaoal it can be fused, by a strong 
heat, to a globule, of which the surface is a collection of tolera- 
bly large, foliated, iron-grey crystals, having a metallic lustre. 
If only a portion of the assay is fused the surface is but slightly 
crystalline. 

It is somewhat readily dissolved by borax, and gives the 
color of iron, but so that no conclusion can be made as to the 
presence of tungstic acid from the play of colors. 

It is readily dissolved by the salt of phosphorus. In the oxi- 
dating flame the bead is colored by iron only, but in the re- 
ducing flame it becomes deep red. With a very trifling quantity 
of the mineral it becomes opaque, so that only a minute amount 
is required to produce a distinct reaction. If tin be added and 
the whole heated for a moment, the color becomes green. This 
succeeds better when the color is not too intense, since in this 
case it is generally so dark as to render the glass opaque. If 
the assay be heated for a suflicient length of time in a strong 
reducing flame, the tungsten is entirely reduced by the tin, and 
the green color disappears and leaves a faint red, which after- 
wards undergoes no farther change. 

, It is dissolved by soda on platina foil and crumbles. The 
soda exhibits on its edges the color of manganese. On char- 
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eoal it is readily reduced to tungstate of iron, which can be 
separated by washing. 

Remark. Wolfram has sometimes the property of decrepi- 
tating strongly and exfoliating. It iif then generally covered 
with a yellow, earthy, rather hard crust. This crust, which 
might easily be mistaken for tungstic acid, is arseniate of iron, 
and wolfram itself gives, when treated in the reducing flame, a 
strong odor of arsenic. 

. ••• 

Tungstate of lead^ Pb W, from Zinnwald. 

Alone on charcoal it fuses and gives off fumes of lead, leav- 
ing a dark, crystalline bead, which looks metallic, but gives a 
light grey powder. 

It is dissolved by borax in the outer flame, without color. In 
the interior flame it acquires a yellowish tint, and becomes grey 
and opaque as it cools. With a stronger heat the lead is vola- 
tilized, and the bead becomes transparent and dark red after 
cooling, as if from pure tungstic acid. 

With the salt of phosphorus it dissolves in the exterior flame 
to a colorless glass ; in the interior flame it is transparent and 
blue, but the color is not so pure as that which pure tungstic 
acid gives. If a larger quantity be added the glass acquires a 
greenish tinge, and finally becomes opaque. 

With soda it gives a quantity of globules of lead. 

Vanadate of lead^ from Matlock, decrepitates in the matrass, 
and fuses with difficulty on platina foil. The platina becomes 
coated with a thin crust of fused salt, which surrounds the still 
unmelted, slaggy mass. 

On charcoal it fuses to a bead, which is soon absorbed by 
the charcoal, leaving globules of lead on the surface. The 
lead can be entirely volatilized. 

Borax gives on platina a transparent glass, which is dark 
yellow while hot, and colorless when cold. On charcoal a 
greenish glass and globules of lead are obtained. 

Salt of phosphorus dissolves it on platina to a dark yellow 
glass, which when cold b light yellow. In the reducing flame 
the color is deeper, and acquires a greenish tint on cooling. On 
charcoal a green glass is obtained. 

Soda dissolves it on platina to a clear yellow liquid, which 
resembles fused oxide of lead, after cooling. On charcoal 
vanadate of soda is obtained, which sinks into the charcoal, 
leaving globules of lead on the surface. The charcoal con- 
taining soda does not give on silver traces of sulphur. ^^ 

16» 
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With salt of phosphorus and oxide of copper the flame is 
not colored, as it would generally be if chlorine was present. 

With boracic acid and iron di^inct traces of the presence of 
phosphoric acid are obtained. 



vanadate of lead with basic chloride of leady from 
Zimapan. (W V, Pb C + 2 Ph.) 

It behaves like the preceding, with this difierence, that it 
emits a strong odor of arsenic when treated with soda on char- 
coal. With boracic acid and iron, on the contrary, it does not 
give a phosphuret of iron. Neither can the presence of chlo- 
rine be detected by the salt of phosphorus and oxide of copper. 



MoLTBDic Acid and its Salts. 

Molyhdic acid^ Mo, from Bispberg. 

The yellow coating on the sulphuret of molybdena, behaves 
like pure molybdic acid, but when treated with soda it is ab- 
sorbed by the charcoal, and leaves oxide of iron on the surface. 

■ ... 
Molyhdate of lead, Pb Mo, (Gelbbleierz,) from Bleibei^. 

Alone it decrepitates violently and acquires a daricer yellow 
color, which disappears again on cooling. On charcoal it fuses 
and sinks into the charcoal, leaving a quantity of reduced lead 
on the surface. If the sul»tance absorbed by the charcoal be 
collected and washed, a mixture of malleable globules of lead 
and of metallic molybdena, or molyhdate of lead, is obtained ; 
the latter has a metallic lustre, but is not malleable or fusible. 

It is readily dissolved by borax in the exterior flame into a 
slightly colored glass. In the interior flame a transparent glass 
is obtained, which becomes suddenly dark and opaque as it 
cools. If flattened in the forceps it is seen to have a brownish 
color. 

It is readily dissolved by salt of phosphorus. A small 
quantity of the assay gives a greenish glass, like that obtained 
with molybdic acid alone. With a larger portion, a black 
opaque glass is obtained. 

It is dissolved by soda, and the mass sinks into the charcoal, 
leaving reduced lead on the surface. 
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Oxides of Chbome and Salts of the Chhomates.* 

••• 
Sesquioxide of chrome^ Or, Chrome ockre^ a mechanical 

• • • 

mixture of Or with quartz and transition rocks, from the Dept. 
Saone et Loire, in France. 

Alone it loses its color and becomes almost white ; it does not 
fuse, but exhibits a slaggy surface, which, under the micro- 
scope, looks as if it were made up of vitrified and infusible 
particles. 

The oxide of chrome is taken up by borax, and the bead has 
a fine green color. The fragment of mineral becomes white, 
and dissolves with difficulty. 

It is quite as difficultly dissolved by the salt of phosphorus. 
The glass, with an equal quantity of the mineral, is less strongly 
colored than the borax glass. 

It is dissolved by soda, but with difficulty, and a large 
quantity of soda is requisite. The glass is, even while fused, 
opaque, and on cooling has the appearance of a dirty, greyish- 
green enamel. 

Remark, The chrome ochre from Elfdalen, which, in all 
probability, occurs in a spathic albite, behaves in the same 
manner, with only such ditiference as is caused by the nature 
of the gangue. In the same way behaves the chromiferous 
clay of Martanberg, with this exception, that the whole mass 
fuses, in a strong heat, to a black slag. 

Wolkonskoite^ a basic silicate of alumina, oxide of chrome 
and peroxide of iron, from Perm. 

In the matrass it givbs off a large quantity of water. The 
green color inclines to brown. 

In the forceps it exhibits on the extreme edges traces of a 
slag, bursts upon the surface, becomes brown, and does not 
fuse. 

Borax and salt of phosphorus dissolve it very imperfectly, 
with the play of colors of the oxide of chrome. The undis- 
solved portion is black. -) 

With soda it fuses on charcoal to a bead with effervescence. 
The bead when cool is spotted with green and yellow. On 
platina it gives chromate of soda, which liquefies, and leaves 
an undissolved dark red mass. 

* For the general behavior of chromic acid in the salts of the chromates, 
see page 6d. 



« 
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Combination of the sesquioodde of chrome and the protoxide 

« ••• 

of irony F Or, sometimes mixed with more or less of the 
aluminate of the protoxide of iron, 



Fe > ^' ' and sometimes oxidized to Fe Or, Chromic iron^ 

) Al 
from various localities. 

Alone it undergoes no change, except that the varieties, 
which were not originally attractable by the magnet, become 
so when heated in the reducing flame. 

It is slowly but perfectly dissolved by borax and the salt of 
phosphorus. The color of the iron, which varies in the ex- 
terior and interior flames, appears only while the assay is hot, 
and when it disappears on cooling, the fine green color 'of the 
oxide of chrome makes its appearance. This is more distinct 
when the assay is treated in the reducing flame, and is most 
beautiful when it is fused with tin. ^ 

It is not attacked by soda, and does not color that flux when 
fused with it on platina foil. By reduction on charcoal, iron is 
obtained. 

Chr ornate ofleady Pb Cr, (Rothbleierz,) from Siberia. 

Alone it decrepitates, and splits in the direction of the crys^ 
talline structure, acquires a deeper color, which disappears on 
cooling, fuses on charcoal and spreads itself out, while the 
inferior portion is reduced, giving fumes and the flame of lead. 
The upper portion is a dark mass, which gives a reddish-brown 
powder, and which cannot be made green by heating. 

It is readily dissolved by borax. A small quantity of the 
assay colors the glass green ; a larger portion gives a green 
glass, but so filled with dark colored particles that it appears 
opaque. In the reducing dame it acquires a darker color, and 
has, afler cooling, the appearance of a greenish-grey enamel. 

It is readily dissolved by salt of phosphorus to a fine green 
glass. With a larger quantity of the flux it becomes, on cool- 
■j* ing, opaque and grey, or greyish-green. 

With soda on charcoal it gives a globule of lead, and the 
mass sinks into the charcoal. On platina it gives, in the oxi- 
dating flame, a dark yellow, fused mass, which becomes lighter 
on cooling. In the reducing flame the fused mass is green. 

One-third chromate of the oxides of lead and copper, 

Cu' C> + 2 Pb'C>, Vauquelinitcy from Siberia. 

Alone in the matrass it does not give off water. On char- 
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coal it swells up a little and then fuses, with violent frothing, 
to a dark grey bead, having a metallic lustre, and in which 
small globules of reduced metal are seen. The greater por- 
tion of the bead remains imaltered, even in the strongest re- 
ducing flame. 

Borax dissolves a small quantity of the mineral with effer- 
vescence to a green glass, which, treated in the exterior flame, 
remains transparent after cooling, but af\er being, strongly 
heated in the reducing flame, after cooling it becomes red, 
opaque red, or quite black, according to the. quantity of the 
mineral in the bead. The red color, which is occasioned by 
copper, is still more distinct if tin be added. If a large quan- 
tity of the mineral be added at once, the glass becomes black 
immediately. 

Its behavior with the salt of phosphorus is the same. 
' It is dissolved by soda with effervescence. On the platina 
wire it gives in the oxidating flame a transparent, green glass, 
which becomes yellow and opaque on cooling. If a drop of 
water be added it acquires a yellow color from the alkaline 
chromate. It is absorbed by charcoal, and gives, after. wash- 
ing, metallic lead. 



BoRActc Acid and Salts of the Borati^s.* 

... . 

Boracic acid^ B + 3 H, from Sasso in Tuscany. (Moistened 

with water and placed on Brazil-wood paper, it discharges its 

color af\er half an hour. Moistened with alcohol, it colors 

turmeric paper brown.) 

Alone on charcoal it fuses to a transparent glass. If it con- 
tains sulphate of lime, the bead becomes opaque as it cools. 

.... . 

Bihorate of soda^ Na B^ -|- 10 H, mixed with a combustible 

organic substance, Tincal. 

It puffs up like borax, becomes carbonized, smells burnt, and 
fuses to a bead. With fluor spar and bisqlphate of potash it 
colors the flame around and before the powder beautifully 
green, which is also the case with all the minerals mentioned 
under this division. 

■ ... . ... . ... 

Borate of magnesia^ Mg** B* = Mg B^ + 2 Mg B, Boradte^ 

from Liineberg. 

* For the geueral reaction of boracic acid in the salts of the borates^ see 
page 86. 
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Alone in the matrass it remains unchanged. On charcoal it 
fuses and swells ; it is difficult to obtain a transparent bead ; 
it crystallizes on cooling, so that the whole surface becomes 
covered with acicular crystals. The glass is yellowish while 
hot, but becomes white and opaque on cooling. 

It is readily dissolved by borax to a transparent glass colored 
by iron. 

Salt of phosphorus dissolves it readily to a transparent glass, 
which can be rendered opaque by flaming, and which, with a 
larger quantity of the assay, becomes opaque of itself on cool- 

It is dissolved by soda. If exactly the proper quantity of 
this flux is used, so that a transparent glass is obtained, it crys- 
tallizes with large. facets on cooling, quite as beautifully as 
the phosphate of lead. With a larger portion of soda a trans- 
parent glass is obtained, which is no longer crystalline, and in ' 
reality is nothing more than a solution of magnesia in glass of 
borax. . 

Borate of lime wiih lor ate of magnesia^ Ca^ .B* + Mg B*-f- 

18 H, Hydroboracite^ from the Caucasus. 

In the matrass it gives off a large quantity of water, and be- 
comes milk-white. 

In the forceps it fuses with slight intumescence to a transpa- 
rent glass. 

It gives readily with borax and salt of phosphorus a trans- 
parent glass. 

With a little soda, it gives a transparent glass. With more, 
the bead becomes milk-white and crystalline as it congeals. 
With still more, it spreads out on the charcoal, and becomes 
white and crystalline as it cools. 

Borate and hisilicate of lime^ Ca^ Si* + ^ ^^ ^ 4" ^ H,( C 5* 
+ C ^ + Aq)^ DatJiolite, and 

Ca' Si* + Ca B + 6 H, ( C S* + C ^' + 2 Aq), Botryolite, 
both from Arendal, behave alike, and in the .following manner: 

Alone in the matrass they give off water. On charcoal they 
swell up a little, like borax, and fuse to a transparent glass, 
which is colorless, faint rose-red j or iron-green, according to 
the degree of purity and color of the assay. 

They are readily dissolved by borax to a transparent glass, 
which is either colorless, or tinged with the above-mentioned 
colors. 

They are dissolved by salt of phosphorus, leaving a siliceous 
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dceleton ; a larger quantity of the assay gives a glass which 
becomes opaque, and, finally, enamel-white. 

With a small quantity of soda they dissolve to a transparent 
glass. With more, the glass becomes opaque on cooling ; 
with still more, the whole is absorbed by the charcoal. 

With gypsum they fuse, but less readily than fluor spar ; the 
bead remains transparent after cooling. 

With the solution of cobalt an opaque, blue glass is ob- 
tained. 

Silicates of several hases^ with one or more borates in 
trifling quantity^ in regard to which it is not known how far 
they exist in the mineral as essential ingredients. 



... .•• 



Tourmaline^ K, L, Na, Mg, Fe, Al, Si, B. 
a. Potash tourmaline^ Schorl, 

», Black tourmaline^ from Karingbricka. 

Alone in the matrass it does not give off water. On char- 
coal it fuses, and swells up con/siderably, becoming white. The 
swollen mass fuses with difficulty to a semi-transparent bead of 
a greyish-yellow color. 

It is readily dissolved by borax, with effervescence, to a 
transparent glass, which exhibits a faint tinge of iron while it 
remains hot. 

It is readily dissolved by borax with considerable efier- 
vescence ; it leaves a skeleton of silica, and the bead becomes 
opalescent. 

It forms with soda with great difficulty a very infusible glass, 
which becomes still more infusible on the addition of more soda. 

|9. Black tourmaline^ from Bovey in England. 
Alone it swells up, and then collapses into a black, infusible, 
slaggy mass. It behaves with the fluxes like the preceding. 

y. Crreen tourmaline^ from Brazil. 

Alone it intumesces, becomes black and vitreous, without 
fusing entirely, and gives, after being strongly heated, a 
rounded, yellowish, blebby slag. 

It is dissolved by borax with considerable facility ; at first it 
effervesces a little. The glass is slightly tinged by iron, and 
white globules remain undissolved and swim about in it for a 
long time. 

It behaves like the preceding variety with salt of phosphorus. 

The same is true with soda, except that it sometimes gives 
a more fusible glass. On platina foil it does not exhibit traces 
of manganese. 
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b. Lithia {amd soda) tourmaline^ RuhelliUf Tourmalins 
€qfyre. 

o. Red and light green variety. 

Alone it becomes milk white, swells up, and becomes frac- 
tured transversely ; it does not fuse, but becomes slaggy on the 
surface. 

With borax it effervesces a little at first, then becomes milk- 
white, and dissolves slowly and difficultly to a transparent, 
colorless glass. 

With salt of phosphorus it effervesces slightly, becomes milk- 
white, remains entire, dissolves slowly and with difficulty, the 
fragment gradually diminishing in size ; the glass is opalescent 
on cooling. 

With soda it fuses with the greatest difficulty to an opaque 
glass. On platina foil it becomes dark green. 

ff. Light hlue^ finely radiated variety. 

Alone it swells up a little and becomes white, but does not 
fuse, but becomes slaggy on the surface and blebby in the inte- 
rior, where the heat is the strongest. 

It is dissolved by borax with considerable facility, especially 
if a small quantity of the mineral is employed ; it effervesces. 
The glass is transparent. 

It swells up with effervescence in salt of phosphorus, and the 
silica skeleton becomes divided. A large portion of it redis- 
solves. The bead becomes opalescent on cooling. 

With soda it forms a dark glass, of which the fusibility is 
diminished, but not destroyed, by a larger quantity of soda. On 
platina foil it exhibits traces of manganese. 

y. Dark Hue variety in large crystals^ IndicoUte. 

Alone it swells up exceedingly, especially longitudinally, so 
that it acquires nearly three times its former length, till it bends 
on one side and curls together ; it becomes black and slaggy. 

It behaves like the preceding variety with the fluxes. 

Remark. The varieties described under p and r seem to be 
a mixture of lithia tourmaline with potash tourmaline. 



... ... 



AxinitCj Ca, Fe, Ma, Al, Si, B, (Thumerstein,) from Dau- 

Alone it fuses with intumescence, and readily, to a dark 
green glass, which in the exterior flame is rendered black by 
superoxide of manganese. 

It is readily dissolved by borax. The glass is colored with 
iron, but can be made in the exterior flame to take an impure 
ametliystine tinge. 
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It is decomposed by the salt of phosphorus like the other 
varieties. 

It becomes green with soda at first, and then fuses to a black 
glass, which has an almost metallic lustre. 

On platina foil it gives decided traces of manganese. 

TiTBNEB asserts Uiat he obtained a flame tinged green by 
boracic acid, by the aid of sulphate of ammonia and fluor-spar. 

Cabbonic Acid and the Carbonates. 

Carhonate of soda, Na C + 10 H, and Na" C' + 4 H, Soda 
and TVona, exhibit the ususd reaction of soda used as a flux. 
The presence of the alkalies is determined as described on 
page 48-50. 

. .. 

Carhonate of baryta^ BBi,C^ WitherUe, see baryta, page 50. 

• .. 
Carhonate ofstrontiany Sr C, StrontianiU, see page 51. 

• .. 
Carhonate of limey Ca C. 

a. Calcareous spar* 

Alone in the matrass it does not give off water. On charcoal 
it becomes caustic, and emits a peculiar light, as soon as the 
carbonic acid has been entirely driven off. It becomes heated 
with water, and has an alkaline reaction on reddened litmus* 
paper. Calcareous spar containing iron and manganese black- 
ens by burning. It behaves with the fluxes, in which it dis- 
solves with effervescence, like pure lime. The varieties con* 
taining iron and manganese give a colored glass. 

b. Arragonite, 

Alone in the matrass it does not change at first, even at a 
temperature far above the boiling-point of water, but near a 
red heat it swells up, and crumbles to a white, coarse and light 
powder, while a small quantity of water collects in the neck of 
the matrass, but less than is obtained from many minerals 
which contain only water of decrepitation. It behaves like the 
preceding variety with the fluxes. 

... ... . 

Carhonate of soda and lime, Ca C + Na C -(- 6 H, Gay- 
Lussite, from Liagunilla near Menda, in America. 

Alone in the matrass it decrepitates slightly, gives off con- 
siderable water, and has an alkaline taste and reaction on test 
paper. 

With the fluxes it behaves like carbonate of lime. 
17 
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• •• • •• 

Carbonate of baryta and lime^ Ba C -|~ ^ ^9 Barocaldte^ 
from Cumberland. 

Alone in the matrass it gives off moisture. In the forceps 
or on charcoal it does not fuse, but burns alkaline, and when 
moistened with water and placed on silver foil, it gives a stain 
of sulphuret of silver, which is darker colored when the reddish 
incrustation on certain crystals has not been removed before 
heating the mineral. 

It is readily dissolved by borax with strong effervescence. 
The glass acquires, on coolings a hyacinth color (due to hepar), 
which can be driven off by heating in the oxidating flame. 

When the borax bead has taken up an equal volume of the 
mineral, it becomes opaque on cooling. 

Salt of phosphorus dissolves it readily and in large quantity 
with effervescence, to a transparent glass, which becomes 
opaque on the addition of a very large quantity of the mineral. 

It is decomposed by soda ; the greater portion is absorbed 
by the charcoal, but a brownish-yellow slag remains. The 
mass is slightly hepatic. 

• .. 

Carbonate of magnesia^ Mg C. 

a. Magnesia marble^ from Hoboken, and 

b. Magnesite^ from various localities. 

Alone in the matrass it yields little or no water. On char- 
coal it cracks a little and shrivels together ; afterwards it has 
an alkaline reaction on moistened test-paper. 

With borax, salt of phosphorus, soda and the solution of 
cobalt, it behaves like magnesia. 

... a 

c. Hydrous crystallized carbonate of magnesia^ Mg C -f- 6 H, 
from Hoboken, yields water when heated in the matrass, and 
behaves in general like the preceding varieties with the fluxes. 

Carbonate of lime and magnesia^ Ca C -|- Mg C, also 

Ca ) •• 

> C, Bitter spar^ behaves before the blowpipe exactly like 

Mg) 

carbonate of lime without magnesia. 

. .. 
Carbonate of the protoxide of manganese^ Mn C, mixed with 

Ca C and Fe C, from Freiberg. 

Alone in the matrass it yields water and decrepitates violent- 
ly. More strongly heated the carbonic acid is driven off, and 
the assay acquires a greenish-grey color, which is due to the 
manganese. In a matrass with a large bulb, or on charcoal, it 
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is blackened by the oxidation of the protoxide. In the reduc- 
ing flame on charcoal it becomes dark brown, suid then reacts 
on Brazil-wood paper on account of the caustic lime which it 
contains. It then behaves with the fluxes like the oxide of 
manganese contammated by iron. 

. •• 

Carhonate of the protoxide of iron^ Fe C, generally mixed 
* .. • •• 

with Ca C + Mn C, Spathic iron^ Brown spar. 

Heated in the matrass it yields no water. Some kinds de- 
crepitate violently. Very gently heated it burns brown and 
gives a protoxide of iron, which is strongly attracted by the 
magnet. 

Carhonate of zinc^ Zn C, Calamine ^ (Galmei.) 

Alone it gives off no water, but burns enamel-white, and 
then behaves like pure oxide of zinc. 

Remark. When this mineral contains cadmium it deposits a 
dark yellow or red ring on charcoal, when first acted on by 
the reducing flame. This is best seen afler the charcoal has 
become entirely cold. (See oxide of cadmium, page 68.) 

. ... 

One-half carhonate of zinc with hydrate of zinc^ Zn C H -{- 

2 Zn H, Zinc hloom, (Zinkbliithe,) from Bleiberg and East 
India. 

Alone in the matrass it yields no water, and behaves like the 
oxide of zinc. It can be volatilized by continued heating in 
the reducing flame, and then gives a small slaggy residuum, 
which, tested by the fluxes, is found to contain iron. 

Carhonate of zinc and copper^ from Siberia. 

Alone in the matrass it gives off water and changes from 
green to black ; it gives with the fluxes the reaction of copper, 
but the beads are rendered opaque on cooling by oxide of 
zinc. 

The process of reduction with soda gives a grain of copper, 
and the coal becomes coated with fumes of zinc. 

... , 

Carhonate of the protoxide of cerium^ Ce C, from Bastnas, 

near Riddarhyttan. It also contains the oxides of lantanium 
and didymium. 

Alone in the matrass it gives off moisture and bums brown- 
ish-yellow. With the fluxes it gives the reaction of the oxide 
of cerium. 

Carbonate of lead, Pb C, White lead, (Weissbleierz,) from 
Alstonmoor. 
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It behaves like pure oxide of lead, except that it decrepi- 
tates violently, and that its white color is changed to yellow by 
the action of heat. 

• • ... 

Neutral carbonate and hydrate of copper^ Cu H-t-2CuC, 

Axuritey (Eupferlasur,) from Chessy, Maguska, and other lo- 
calities, and 

. •• . 
One-half carbonate of copper^ Cu'C + H, Malachite. Both 

behave alike. In the matrass they yield water and become 

black. On charcoal they first fuse, and then become reduced 

to metallic copper ; they behave like pure oxide of copper. 



Arsenious Acid and the Abseniates. 

Arsenious add^ As, White arsenic behaves as described on 

page 55. 

.. .. 

• ... a . ••• • 

Arseniate of litne^ Ca? As -f- 6 H, and Ca^ As -|* 4 H, Phur- 
macolite^ Hatdingerite, 

Alone in the matrass it yields a large quantity of water, 
which has not an acid reaction ; arsenious acid does not sub- 
lime. The assay loses its transparency like an efflorescent 
salt, but retains its form. In the forceps, if heated in the ex- 
terior flame, it fuses to a white enamel ; but on charcoal, in 
the interior flame, it emits the odor of arsenic, and fuses more 
readily to a semi-translucent globule, which sometimes has a 
color inclining to blue, if the pharmacolite, as is often the case, 
is mixed with arseniate of cobalt. 

With borax and salt of phosphorus it behaves like lime or 
the salts of lime and the volatile acids, but as it dissolves it 
emits a strong odor of arsenic. 

It is decomposed by soda, emitting copious fumes of arsenic, 
and lime remains on the charcoal. 

» 
Arseniate of the protoxide of iron. 

a. Scorodite^ from Graul near Schwarzenberg ; its formula 
is not yet known. 

Alone in the matrass it first gives off water and becomes 
whitish-grey or yellowish. At a higher temperature it gives 
off white arsenic, which sublimes in small, white, brilliant crys- 
tals ; the residuum becomes black. After cooling it is spotted 
with dark green and red, but gives a light greyish-yellow pow- 
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der. On charcoal it emits copious fumes of arsenic, and fuses 
in the reducing flame to a grey slag with a metallic lustre, 
which is attracted by the magnet, and dissolved by the fluxes, 
with which it gives the characteristic reaction of iron, while 
the glass emits a strong arsenical odor. 

b. Neutral arseniate of the protoxide of iron with basic 

• • ••• •••••• • 

arseniate of the peroxide of iron^ Fe* As +2 Fe As + 12 H, 
from Antonio Pareira, near Villa Rica in Brazil. 

In the matrass it gives off water and becomes yellow, with- 
out changing its form. At a higher temperature it does not 
yield a sublimate of arsenious acid. With the fluxes it be- 
haves like the preceding. 

.. .. 

c. Cvheore, (Wiirfelerz,) Fe^ As + fV As* + 18 H, from 
Cornwall. 

Alone in the matrass it yields water and becomes red. With 
a stronger heat it yields little or no white arsenic, pufis up a lit- 
tle, becomes red on cooling, and gives a red powder. On 
charcoal and with the fluxes it behaves like scorodite. 

• •• • • 

Basic arseniate of cobalt^ Co® As -j- 6 H, Cobalt bloom^ 
(Kobaltbliithe,) from Schneeberg. 

Alone in the matrass it yields water and acquires a darker 
color, but gives no sublimate. 

On charcoal it fumes strongly, emits an arsenical odor, and 
fuses in a strong reducing flame to arseniuret of cobalt. 

With the fluxes it gives a blue glass. 

Arsenite of cobalt^ (pulverulent,) from Schneeberg. 

It yields when heated in the matrass or open tube a large 
quantity of arsenious acid, and then behaves like the prece- 
ding. 

One-half arseniate of nickel^ Ni' As + 9 H, Nickel ochre^ 
from Allemont, (in powder, color white inclining to green.) 

Alone in the matrass it yields water and acquires a darker 
color. 

On charcoal it smells strongly of arsenic, and can be fused 
in the exterior flame to a metallic globule containing arsenic. 

With the fluxes it behaves like oxide of nickel, but gives ev- 
idence of the presence of a large amount of cobalt when the 
glass is reduced. 

Arseniaie of copper^ various specimens from Cornwall. The 
17* 
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analyses of this mineral are not yet sufficiently accurate to 
allow of its formula being calculated. 

Arseniate of copper behaves in general with the fluxes like 
the oxide of copper, but smells strongly of arsenic when ig- 
nited, and gives on reduction; either alone or with soda, a 
white, brittle, metallic globule. 

a. The greyish-green variety, in capillary crystals, when 
treated alone in- the matrass, yields no water and undergoes no 
change. On charcoal at the moment of decomposition it is re- 
duced with detonation, and is absorbed by the charcoal, when 
a white, metallic grain is obtained, which becomes red on cool- 
ing. The red color is due to a thin envelope of the red oxide 
of copper ; the grain is white in the interior, and cracks under 
the hammer. 

b. The dark green, crystallized variety behaves nearly in the 
same manner, but, if carefully examined, it will be seen to 
have deposited a fused slag around the reduced grain of metal ; 
if lead be added, and the fused metal be thrown off from the 
charcoal after the slag has congealed, and this slag (which 
readily remains spread out upon the surface of the charcoal) 
be fused again, phosphate of lead is obtained, which is white, 
and crystallizes at the moment of congelation. 

c. The green, compact, internally slightly blebby variety, 
behaves in the same way, but gives with lead a larger quantity 
of the phosphate. 

d. The beautiful, light-blue, crystallized variety, yields a 
large quantity of water when heated in the matrass, fuses im- 
perfectly, and is not reduced with detonation, but leaves a 
slaggy mass, in which white, metallic globules are seen. It 
does not give traces of iron with the fluxes. 

Remark. The last mentioned variety contains, therefore, 
besides oxide of copper, still another base, which cannot be re- 
duced, and which consists, according to Count Wachtmeister, 






of 8 per cent, of alumina. A portion of As is replaced by P. 



Phosphoric Acid and the Phosphates.* 

. .«• 
OM'half phosphate ofyttria^ Y^ P, from Lindesness, in Nor- 
way. 

* For the common test for phosphoric acid in all the phosphates, see 
pag« 84. 
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In the matrass it yields no water, and does not fuse on char- 
coal. 

It is slowly dissolved by borax to a colorless glass, which is 
rendered milk-white by flaming, and with a larger quantity it 
becomes opaque on cooling. 

It is very slowly dissolved by the salt of phosphorus, by 
which it is distinguished from the phosphate of lime. The 
glass is colorless. 

It is decomposed by soda with effervescence into a light grey, 
infusible slag. 

With boracic acid and iron it gives, like all the other salts 
of the phosphates here described, a regulus of phosphuret of 
iron. 

One-half phosphate of the protoxides of manganese and iron^ 

• • •• 

• ••• • ••• 

Mn^ P 4" Fe* P, from Limoges. 

Alone in the matrass it yields a little water, which has an 
acid reaction on litmus paper, and tinges Brazil-wood paper 
yellow. It does not attack the glass. If treated in the open 
tube, however, it gives faint traces of fluoric acid. The water 
deposited in the tube does not react on Brazil-wood paper. 
On charcoal it fuses very readily and with strong eflervescence 
to a black bead having a metallic lustre, which is strongly at- 
tracted by the magnet. 

It is readily dissolved by borax. In the oxidating flame it 
exhibits traces of manganese, and in the reducing flame, of 
iron. 

It is very readily dissolved by the salt of phosphorus. It 
hardly exhibits any other color than that of iron ; however, by 
long oxidation at a low red heat a faint trace of the character- 
istic color of manganese may be obtained. 

It is not dissolved by soda on charcoal, but gives by reduc- 
tion a large quantity of iron. On platina foil it has the usual 
reaction of manganese. 

One-half phosphate of the protoxide of tro», Fe^ P + 6 H, 
Fe^ P -|- H, and other varieties. 

Alone in the matrass it gives ofl* a large amount of water, 
intiimesces, and becomes spotted with grey and red. On char- 
coal it swells up, bums red, and then fuses very readily to a 
steel-grey bead, which has a metallic lustre. With borax and 
salt of phosphorus it behaves like the peroxide of iron. 

With soda on charcoal it gives in the reducing flame mag- 
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netic grains of iron. On platina foil it does not give traces of 
manganese. 

Basic phosphate of copper. 

a. From Ehrenbreitstein, Cu" P -}- 5 H, and 

b. FromLibethen, Cu' P + 2 H. 

Alone it does not color the flame ; it crumbles to powder 
when rapidly heated, but remains entire if gradually warmed ; 
it becomes black and fuses, retaining its dark color and forming 
a bead, in which a small globule of metallic copper is visible. 
This globule of copper emits a brilliant light, or flashes, at the 
moment of its congelation, as is the case with gold or silver, 
if not perfectly purified. 

With salt of phosphorus and borax it behaves like pure oxide 
of copper. 

Its behavior with soda is peculiar. A small quantity of that 
flux gives a liquid bead. If more soda be added, the mass in- 
tumesces for a moment, but then fuses again ; and thus, each 
time that a fresh portion of soda is added, it swells up in the 
same way before fusing, till at last it forms a swollen, infusible 
mass. With a very large amount of soda the saline mass is 
absorbed by the charcoal, leaving the copper on the surface. 

The most characteristic reaction of this salt is obtained by 
adding a quantity of metallic lead about equal in volume to the 
fused assay. The mass is then to be fused in an intense flame, 
by which all the copper is separated in the metallic form, and 
around the metallic bead a fused mass of phosphate of lead is 
obtained, which crystallizes on cooling. If, after the flux has 
congealed, the more fusible metal containing lead be removed, 
and the flux be then remelted, the bead acquires a globular 
shape, and the crystalline facets are considerably larger. 

Basic phosphate of alumina. 

a. Wavellite, Al P' + 3 Al* P' + W\ from Barnstaple, Am- 
berg in der Pfalz, Bohemia. 

Alone in the matrass it yields water ; the last drops are acid, 
and gelatinous with silica ; they tinge Brazil-wood paper yellow. 
The glass after being allowed to dry becomes clouded by a 
deposition of silica. A ring of silica deposits above the assay, 
when it is ignited. 

On charcoal it swells up, loses its crystalline form, and be- 
comes snow-white. 

With borax, salt of phosphorus and soda it behaves like pure 
alumina. 
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•• •• 

•«• • ••• 



b. Laxidite^ A\* P, with M g^ P and Fe^ P, in various propor- 
ti(MDs, from Rodelgraben and Krieglach.* 

Alone in the matrass it gives off water, and loses its color. 

On charcoal it intumesces, and acquires a blebby, vitreous 
appearance where the heat is the strongest, but 4pes not fuse. 

Borax dissolves it into a transparent, colorless glass. 

With salt of phosphorus it becomes transparent on the edges, 
and gradually fuses to a transparent, colorless glass. 

With soda it intumesces, but does not dissolve or fuse. 

With the solution of cobalt it gives a fine blue. 

c. Calaite, Turquoise^ from Persia. A mixture of phosphate 
of alumina with phosphate of lime and silica, colored green or 
greenish-blue by carbonate of copper and hydrate of the oxide 
of copper.t 

Alone in the matrass it gives off water, flies in pieces and 
decrepitates violently, even if very slowly heated. The water 
does not react on Brazil-wood paper. The splintered mass is 
black. 

On charcoal or in the forceps it becomes brown in the inte- 
rior flame, and tinges the point of the flame green. It does 
not fuse, but acquires a vitreous appearance on the surface, 
where the heat is most intense. 

It is readily dissolved by borax to a transparent glass, which 
exhibits the color of iron while it remains hot, but afler cooling 
it is faint copper-green in the exterior flame, and cloudy-red in 
the interior flame, especially if tin has been added. 

It is readily and entirely dissolved by salt of phosphorus into 
a transparent glass, which gives the same play of colors as the 
borax glass. 

With soda it first intumesces, and then gradually dissolves to 
a semi-transparent glass, which is colored by iron. With more 
soda it becomes infusible, and if still more be added a large 
quantity of copper is obtained by reduction. 

* The blue mineral from Yorati differs somewhat from this in its behavior. 
It intumesces considerably more, and finally crumbles to powder. It shows 
no signs of fusion, nor does it ^ve a blue color with the solution of cobalt tiU 
it has undergone fusion, when it has a blue color inclining to red. 

t I used for this examination a blue, reniform and a sreen turquoise ; the 
latter was given me by M. Stran^^ways, as a specimen <» genuine calaite ; it 
agreed perfectly with the description of that mineral. It was a thin la^er, en- 
Teloped in a grey, clayey mass, 
traces of phosphoric acid, I anab 
phate of alumina, phosphate of 1 , , , 

per. ^ It follows, therefore, that John's assertion, that calaite is a hydrate of 
alumina, is incorrect. 
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Basic phosphate of alumina and lithia^ mixed with fluorides 
of the same hases, Amhlygonite^ from Chursdorf in Saxony. 

Alone in the matrass it yields a little water, which, if the 
heat he intense, is acid and attacks the glass. On charcoal it 
fuses very readily to a transparent glass, which becomes opaque 
when it congeals. According to Plattnee the presence of 
lithia in this mineral can be detected by the color of the flame. 

It is readily dissolved by borax in any proportion to a trans- 
parent, colorless glass. 

It is instantly dissolved into a transparent glass, without leav- 
ing a residuum, by salt of phosphorus. 

With a little soda it fuses ; with more, it intumesces and be- 
comes infusible. 

Phosphate of lithia with lime^ magnesia^ protoxide of iron 
and protoxide of manganese, Tetraphyline^ (Perowskin) from 
Keiti-Tammela. 

It gives water in the matrass, without undergoing any change. 

In the forceps it fuses with the greatest facility to a black 
glass, which is attracted by the magnet. 

With borax and salt of phosphorus it combines with efferves- 
cence ; the resulting glass is colored by iron. 

With soda on charcoal it forms a black slag ; the soda is ab- 
sorbed. 

With soda on platina it tinges the point of the flame with the 
usual lilac color' of lithia. The platina acquires a yellow stain, 
which cannot be removed by washing with water. The soda 
becomes intensely green. 

With boracic acid and iron it gives a liquid regulus. 

Hetepozite, from the dept. de la haute Vienne, France, be- 
haves in all respects like the preceding. 

Threefourths phosphate of the oxide of uranium and limey 

• • • • ■ 

Ca P + 2 *# P + 8 H. A small portion of Ca is replaced by 

Ba, TJranite^ from Autun. 

Alone in the matrass it yields water, and becomes straw-yel- 
low and opaque. On charcoal it fuses, with considerable efier- 
vescence, to a black button, which has a crystalline surface. 

It is readily dissolved by borax and salt of phosphorus to a 
transparent glass, which is dark yellow in the oxidating flame, 
and acquires a fine green color in the reducing flame. 

It is not dissolved by soda, but forms a yellow, infusible slag. 

Threefourths phosphate of the oxides of uranium and cop^ 
per, Cu P + 2 U P + 8 H, Chalcolite, from Cornwall, behaves 



ct ^ •- c 
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like the preceding, but gives with salt of phosphorus and tin the 
reaction of the protoxide of copper, and a button of copper by 
reduction with soda. This is sometimes white from the presence 
of arsenic, which can also be recognized by its smell during the 
operation. 

Silicates with Phosphates. 



• a 
• •• 



Sordawalite, probably a mixture of Mg^ P + 2 H, with a 
mineral, whose composition may be represented by 



•• • • • • 



. ^ ... ' (M 8^4-2 fS^ 4- B A 8\ from Sot- 

dawala in Finland. 

Alone in the matrass it yields a large quantity of water, which 
has not an acid reaction. On charcoal it fuses, without intu- 
mescence, to a black bead, which in the reducing flame ac- 
quires d grey, metallic lustre. 

It is readily dissolved by borax, and gives a glass colored 
green by iron. 

It is decomposed by salt of phosphorus, and leaves a siliceous 
skeleton. 

With a little soda it can be fused to a black bead ; with 
more it swells up and gives a rough slag. On platina foil it 
does not indicate the presence of manganese. 

With boracic acid and iron I could not obtain a phosphuret 
of iron. 



SXTLPHTTBIC AciD AND THE SuLPHATES.* 

• ■ •• • 

Sulphate of soda^ Na S -f- 10 H, Glauher^s salt. 

Alone in the matrass it fuses in its water of crystallization, 
which can be distilled off. The dry salt fuses on charcoal, and 
is absorbed and converted into hepar. 

If fused with soda it is absorbed by the charcoal, by which 
it is distinguished from salts with earthy bases. 

. ... • ... 

Sulphate of lime and soda^ Na S -f- ^& 3, Glauherite^ from 

Villarubia in Spain. 

Alone in the matrass it decrepitates with violence and gives 
a very little water ; at a low red heat it fuses to a transparent 
glass, from which nothing is volatilized. On charcoal the first 

* For the general test of the presence of sulphuric acid, see page 81. 
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action of the heat whitens it ; it then fuses to a transpar^it 
bead, which becomes opaque on cooling. In the reducing flame 
it congeals and becomes hepatic. The sulphuret of sodium is 
absorbed, and the lime remains on the surface as a white 
globule. 

It is dissolved by borax with strong efferFescence ; the mass 
is absorbed by the charcoal. 

It is dissolved by salt of phosphorus with effervescence, and 
gives a milk-white glass. 

With fluor spar it fuses like gypsum. 

It is decomposed by soda ; the hepatic mass is absorbed by 

the charcoal, and lime remains on the surface. 

• ... 
Sulphate of haryta^ Ba S, Heavy spar. 

The crystallized specimens decrepitate very violently; it 
fuses with great difficulty, or only becomes rounded on the 
edges, so that it can be distinguished from sulphate of strontian 
by its very slight degree of fusibility. In the interior flame it 
is reduced to sulphuret of barium, which, when moistened, 
smells slightly hepatic, and tastes strongly hepatic. It behaves, 
in general, like sulphate of strontian, with this difference, that 
when tested with hydrochloric acid and alcohol, it does not 
tinge the flame red. 

With fluor spar it fuses like gypsum. 

Sulphate of strontian^ Sr S, Cehstine, 

Crystallized varieties decrepitate. On charcoal it fuses in 
the exterior flame to a milk-white bead, which, ivhen treated 
in the interior flame, spreads out on the surface of the coal, 
and decomposes, becomes infusible, leaving a hepatic mass, 
which on cooling smells slightiy of rotten eggs if gently breathed 
upon, and has a pungent and hepatic taste. On platina foil, 
when in this state, it is mostly dissolved by hydrochloric acid ; 
if this solution be evaporated to dryness, the salt scraped off 
and placed upon a narrow, wedge-shaped strip of paper, and 
then moistened with alcohol and set on fire, the flame is tinged 
red as it comes in contact with the salt. This reaction is so 
distinct, that it may even be observed with heavy spar contain- 
ing strontian. 

It is dissolved by borax to a transparent glass, which becomes 
yellow or brown on cooling ; if a larger quantity of the assay 
be employed, it becomes opaque. 

It behaves with salt of phosphorus like strontian. 

With soda it intumesces, is decomposed, becomes absorbed 
by the charcoal, and gives a strongly hepatic mass. With soda 
and silica it gives the usual glass colored by hepar. 
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With fluor spar it fuses to a transparent glass, which hecomes 
enamel-white on cooling. 

Sulphate of lime^ Gypsum, 

a. Anhydrous gypsum^ Ca S, Anhydrite, 

Alone in the matrass it yields no water, or only a trace. 

In the forceps it fuses with difficulty in the oxidating flame 
to a white enamel. 

On charcoal it is decomposed by a strong reducing flame, 
and then has an alkaline reaction on test paper, and a hepatic 
smell when moistened. 

It dissolves with borax with effervescence, and gives a trans- 
parent glass, which becomes yellow or dark yellow on cooling. 
If more gypsum be added, the bead becomes brown and 
opaque on cooling. 

With the remaining fluxes it behaves like pure lime. 

With fluor spar it fuses readily to a transparent bead, which 
becomes enamel-white on cooling, and, if the blowing be long 
continued, it swells up and becomes infusible. 

The following points serve to distinguish gypsum from sul- 
phate of baryta and sulphate of strontian : a, the softness of 
gypsum ; 5, its greater degree of fusibility than that of sulphate 
of baryta ; and c, that when treated on charcoal, and saturated 
with hydrochloric acid, it does not impart a decided red color 
to the flame. 

. .«• . 

b. Hydrous gypsum^ Ca S -}- 2 H. 

Alone in the matrass it yields water, and becomes milk- 
white ; it then behaves like the preceding. 

• • • • • ___ 

Sulphaie of magnesia^ Mg S -{- 7 H, Epsom salt^ from Cal- 
atayud in Spain. 

Alone in the matrass it yields a large quantity of water, 
which has not an alkaline reaction. The salt fuses, and then 
undergoes no farther change at the temperature at which glass 
melts. A drop of water heats and consolidates it. If the salt, 
deprived of its water, be heated on charcoal or in the forceps 
it fuses again. On charcoal, at a certain temperature, it sud- 
denly emits a brilliant light, which lasts as long as the blowing 
is continued. The mass then becomes infusible, being de- 
prived of its sulphuric acid. If placed on moist Brazil-wood 
paper, or reddened litmus paper, it colors both blue. 

With borax and salt of phosphorus it behaves like mag- 
nesia. 

18 
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With soda it intumesces, but does not fuse ; the mass when 
moistened has a hepatic odor. 

With the solution of cobalt it gives a beautiful, but faint, 

rose-red color. 

» .•• • ••• • 

Sulphate of potash^ lime^ and magnesia^ K S -j- Mg S-f-^Ca 

S + 2 H, Polyhalite^ from Ischl in Austria. 

Alone in the matrass it yields water, and its color becomes 
paler ; on charcoal it fuses to an opaque, reddish bead, which, 
when treated in the inner flame, congeals, becomes white, and 
looks like a hollow crust ; it then has a saline and slightly 
hepatic taste. 

It is readily dissolved by borax with strong eflTervescence, 
and gives, afler being heated for some time, a transparent glass, 
which becomes clear deep red on cooling. If a large quantity 
of the assay be added, the glass becomes opaque on cooling. 

It is dissolved by salt of phosphorus to a colorless, transpa- 
rent glass. A large quantity of the assay can be added before 
the glass becomes opaque. 

It is decomposed by soda and gives an earthy mass, which 
becomes yellow in the reducing flame by the admixture of 
hepar. 

With fluor spar it fuses to an opaque bead. 

Sulphate of %inc^ Zn S + 7 H, White vitriol^ from Fahlun. 

Alone in the matrass it yields water. Mixed with charcoal 
powder and heated, it gives a large quantity of sulphurous 
acid, and imparts to a glass of soda and silica, if fused with 
it, the color of hepar. 

With the fluxes it behaves like oxide of zinc, but at the 
same time exhibits traces of iron. 

Sulphates of iron. .... 

a. Sulphate of the protoxide of iron^ Fe S -j- ^ J^» Green 
vitriol. Copperas. . . ... 

b. Red vitriol, Fe' S^ -f 3 F S=^ + 86 H, mixed with Mg S, 
from Insjo Sankning, in the Fahlun mines. 

c. Vitriol ochre, Fe» S -f 6 H. 

.. . ... • 

d. Sulphate of the peroxide of iron, Fe S' -}" ^ ^» Coquim" 

Hte, from Copiapo in Chili. 

.*• .•• 

e. Lamellar basic sulphate of the peroxide of iron, Fe* S* 

-}- 18 H, Yellow copperas, from Copiapo. 

... ... 

f. Radiated basic sulphate of the peroxide of iron, Fe S^ •\- 

10 M, from Copiapo. 
These varieties have all the common property of yielding 
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water when heated in the matrass, and disengaging sulphurous 
acid when ignited, which latter can be recognized by its smell 
and its reaction on moistened Brazil-wood paper. The ignited 
substance behaves with the fluxes like pure oxide of iron. If 
the oxide of iron be treated with soda before all the sulphuric 
acid has h^en driven off, yellow metallic grains of magnetic 
iron pyrites are obtained by reduction. If the oxide of iron 
contains so small an amount of sulphuric acid, that its presence 
cannot be recognized by driving it off in the form of sulphur- 
ous acid in the usual way, it can be detected by treating the 
oxide of iron with soda on platina foil, and fusing the melted 
mass which runs from the assay with glass ; if the assay con- 
tains sulphuric acid, a hepatic color, is obtained. 

Basic sulphate and arseniate of the peroxide of iron. Iron 
sinter, (Klaphoth^s Eisenpecherz,) from Freiberg. 

Alone in the matrass it yields a large quantity of water. At 
a low red heat it disengages sulphurous acid, which can be re- 
cognized by its smell, and by its property of blackening Brazil- 
wood paper. It does not yield a sublimate. On charcoal it 
shrinks together, emits white, dense fumes, and smells strongly 
and for a long time of arsenic. In other respects it behaves 
like the preceding. 

• If it be dissolved in salt of phosphorus, and the glass be then 
heated in the reducing flame till all the arsenic has been driven 
off, the bead becomes colored red by the protoxide of copper 
by the addition of tin. If the tin be added before all the ar- 
senic has been volatilized, the bead becomes black while cool- 
ing, and the reaction of copper cannot be obtained by heating 
it again. 

Sulphate of cobalt MgS + 3 Co S+ 28 H, CoMt vitriol, 
from Biber. 

In the matrass it first yields water, and afterwards, if strongly 
ignited, sulphurous acid, especially if a little charcoal powder 
be added. 

With the fluxes it behaves like the oxide of cobalt. 

Sulphate of copper, neutral and basic, Cu S -|- 5H, and Cu^ S, 
Blue vitriol. 

It loses its color and yields water when ignited. The neu- 
tral salt becomes white, the basic black ; sulphuric acid is de- 
tected in both, by pulverizing the roasted assay and mixing it 
with charcoal powder, and then heating it in a tube closed at 
one end ; in this way sulphurous acid is formed in large quan- 
tity, which can be recognized by its peculiar smell, as well as 
by its action on a piece of Brazil-wood paper inserted into the 
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tube. The reaction is quite distinct, even when a piece of the 
basic sulphate of copper no larger than a pin-head is em- 
ployed. 

. • • • 

Sulphate of leadj Pb S, Lead vitriol^ AngUsUe^ from 
Anglesea. 

It decrepitates and fuses on charcoal in the exterior flame 
to a transparent bead, which becomes milk-white as it congeals. 
In the reducing flame it is reduced with efiervescence to a 
button of lead. 

With borax, salt of phosphorus, and soda it behaves like the 
oxide of lead. 

With a glass of soda and silica it gives, on cooling, a hepatic 
color. 

Sulphate and carbonate of lead^ from Leadhills. 

The specimen was kindly furnished me by Count Bottrnon, 
from the private collection of the king of France. It is de- 
scribed under the name of " Plomb carbonate rhomboidal " in 
Bournon's Catalogue de la collection mineralogique particu- 
liere du Roi, Paris, 1817, page 343, 344. 

Alone on charcoal it first intumesces a little, and becomes 
yellow ; but on cooling it becomes white again. It is reduced 
to metallic lead either with or without the addition of soda. 

With a glass of silica and soda it gives a hepatic color, 
exactly like sulphate of lead.* 

Sulphate of alumina and potash^ K S -|- Al S^ -^ 24 H, Alum, 

On charcoal it fuses, pufis up, and yields water. The dry 
mass gives sulphurous acid when heated to ignition, but no 
sublimate. The residuum behaves with the fluxes like alumina. 

Basic sulphate of alumina and potash^ Alum stone^ from 
Tolfa, Mont d'Or, Siberia, and other localities. 

Alone in the matrass it first yields water, and afterwards, at 
a higher temperature, a sublimate, which is soluble in water. 
This is sulphate of ammonia. The crystallized varieties de- 
crepitate and crack with the greatest violence, crumbling to a 
fine powder, like diaspore. 

On charcoal in a strong heat it shrivels up, but does not fuse. 

It is dissolved by borax to a transparent, colorless glass. 

Salt of phosphorus dissolves it tolerably readily, leaving a 
semi-transparent, siliceous skeleton. The glass does not be- 
come opalescent on cooling. 

It does not fuse with soda. 

It acquires a fine blue color with the solution of cobalt. 

* This inineral dissolves in nitric acid with efiervescencej and leaves a 
white powder, which is sulphate bf lead. 
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Sulphate of alumina and ammonia^ N H* S -|- Al S^ -|- ^4 H, 
Ammonia alum, from Tschermig in Bohemia. 

Alone in the matrass it yields water, and puffs up ; after- 
wards sulphate of ammonia sublimes, which is mostly dissolved 
by the water, while sulphurous acid is disengaged. The sub- 
stance which remains after ignition behaves like pure alumina. 

Mixed to a paste with soda and gently heated on platina foil, 
it emits a perceptible ammoniacal odor. 

Neutral sulphate of alumina^ from Copiapo, Al S^ -f- 18 H. 

In the matrass it yields water, and puffs up like alum. 

With the fluxes it behaves like alumina. If the strongly ig- 
nited swollen mass be intimately mixed with charcoal and 
strongly heated in the reducing flame, it gives on silver foil the 
reaction of hepar. 

With the solution of cobalt a blue color id obtained, which is 
rendered dingy by oxide of iron. 

OnC'third sulphas ofalumina^ Al S -|- 9 H, Aluminite^ Hah 
Ute, 

Alone in the matrass it yields a very large quantity of water, 
and afterwards at a low red heat, sulphurous acid, which can 
be recognized by its smell and by its action on Brazil-wood 
paper. 

On charcoal and with the fluxes it behaves like alumina. 
The aluminite ftom Newhaven gives a few flocks of silica, 
when dissolved in salt of phosphorus. 

With the solution of cobalt it gives a fine blue. 

Basic sulphate of the oxide of uranium, from Joachimsthal. 

Alone in the matrass it yields water and becomes brown. 

With the fluxes it behaves like oxide of uranium. 

It is decomposed by soda and leaves a yellowish-brown slag 
on the charcoal ; the soda moistened with water blackens silver. 

A greenish variety gives a button of copper by reduction with 
soda, and traces of the protoxide of copper, if its solution in the 
fluxes be treated with tin. 

Silicates of Soda, Lime and Alumina, combined with 

Sulphates. 

Lapis lazuli, a fragment of a very pure specimen, having a 
natural cleavage, furnished me by M. Cordier. 

Alone in the matrass it yields water, without changing its 
appearance or losing its transparency. On charcoal it fuses 
slowly to a white glass, which is shaded with blue when the 

18* 
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bead first begins to liquefy ; this color, however, entirely disap- 
pears on farSier heating. The mineral becomes spotted with 
blue, and close by the fused portion, dark green. The lapis 
lazuli which is destitute of a foliated structure fuses more readi- 
ly, with slight intumescence. 

Borax dissolves it with constant effervescence to a transpa- 
rent, colorless glass. The fragment, as it lies in the bead before 
dissolving, gives out a stronger light than the glass itself. 

It is completely dissolved by salt of phosphorus, with con- 
stant effervescence and with the same phenomena of light, into 
into a colorless glass, without leaving a siliceous skeleton ; the 
glass becomes clouded on cooling. 

It is imperfectly dissolved by soda into an opaque, greyish- 
green glass, which becomes. red on cooling, indicating the for- 
mation of hepar. A larger addition of soda has no other effect 
than to render the glass more soluble in water ; it then gives a 
stain of sulphur on silver foil. 

Hauyne^ from Italy, and Nosian^ from the lake of Laach. 

Alone in the matrass they yield no water. On charcoal they 
lose their color and fuse to a blebby glass. 

With borax they dissolve with efervescence to a transparent 
glass, which beccwnes yellow on cooling, as if gypsum were 
present in the mineral. The saturated glass becomes opaque 
on cooling. 

They are dissolved by salt of phosphorus with effervescence, 
and leave a siliceous skeleton. The glass is opalescent. 

They are slowly attacked by soda, and give only on the ex- 
treme edges a vitreous slag, which on cooling becomes tinged 
with the usual red color of hepar. 



COMBINATIONS OF HALOGEN SUBSTANCES. 

Chlorides.* 

Chloride of sodium^ Na €1, Common salt. 

Alone in the matrass it decrepitates and yields water. On 
charcoal it fuses and is absorbed by the charcoal, at the same 
time emitting fumes. On platina foil it fuses to a transparent 
mass, which becomes opaque on cooling. 

It fuses on platina foil without becoming clouded. 

* For the general test for the detection of chlorine in the chlorides, see 
page 82. 
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Chloride of ammonium^ N H* Ol, Sal ammoniac. 

In the matrass it sublimes, without previously fusing, and 
without leaving any residuum. 

Mixed to a paste with soda and water and heated on platina 
foil, it smells strongly of ammonia. 

Chloride of lead^ Pb 01, Cotunnite^ from Vesuvius. 
In the matrass it does not yield water. On charcoal it fuses 
readily, spreads upon the surface, and gives off fumes. 
With soda it gives a quantity of globules of lead. 

Basic chloride of lead^ Pb Ol + 2 Pb, from Mendiff. 
It decrepitates slightly, fuses readily, and becomes after cool- 
ing yellower than it was at first. When ignited it is easily 

reduced to metallic lead, while acid vapors are disengaged. 

* . 

Basic chloride of copper^ Cu 61 -f- 3 Cu -|- 4 H, Muriate of 

copper <i Atacamite, in the form of sand, and compact, from 

Chili. 

Alone it tinges the flame intensely blue with greenish edges, 
and a red coating is deposited upon the charcoal, which colors 
the flame blue, when directed upon the surface of the support. 
It fuses, is reduced, and gives a button of copper surrounded 
by a slag. The pulverulent mineral gives more slag than the 
compact variety. The glass exhibits, in addition to the reaction 
of copper, that of iron, which is best observed in the reduced 
glass, before the color of the copper becomes evident by cool- 
ing. 

With the fluxes it behaves like oxide of copper. 

Chloride of silver, Ag 01, Horn silver. 

Alone on charcoal it fuses to a bead, which varies in color, 
according to the purity of the assay, from pearl-grey to brown, 
or is even black and slaggy. In the reducing flame it is gradu- 
ally converted into metallic silver, and finally leaves a button 
of pure silver. 

Chloride of mercury, Hg CI, Horn quicksilver, (Homerz,) 
from Almaden. 

On charcoal it volatilizes entirely, with the exception of por- 
tions of the gangue which it may contain. 

In the matrass it gives a white sublimate. 

With soda in the matrass it gives an abundance of globules 
of mercury. 
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Silicates with Chloeides. 
Sodtdite. 

a. Sodalitc from Vesuvius. • ••• 

a. ^aav%L^ irum ycsuv us, ^ ^^^^3^. ^ ^ Al Si).* 

Alone in the matrass it gives no trace of water. On charcoal 
it undergoes no change, but if the heat be very intense it be- 
comes rounded on the edges, without puffing up or bubbling, 
and retains its transparency. 

Borax dissolves it in trifling quantity, and with the greatest 
difficulty, to a transparent, colorless glass. 

It does not intumes^e with salt of phosphorus ; it is slowly 
dissolved, without being decomposed. The glass is opalescent 
on cooling. 

With a small quantity of soda it forms a transparent glass, 
which surrounds the undissolved portion. A larger quantity of 
soda decomposes the mineral, which then swells up and be- 
comes infusible. If still more soda be added it fuses to an 
opaque, colorless glass. 

With the solution of cobalt it becomes blue on the fused 
edges. 

b. Sodalite^ from Greenland. 

Alone in the matrass it yields water ; the mineral, however, 
undergoes no change in appearance, and does not lose its 
transparency. On charcoal it fuses with strong intumescence 
and bubbling, and gives an uneven, but colorless glass. 

With borax it behaves like the preceding. 

It is very slowly decomposed by salt of phosphorus ; after 
blowing for some time it can be observed, that the mineral 
has acquired a siliceous appearance on its edges. The glass 
is opalescent on cooling. 

It gives a gla33 with soda, with far greater difficulty than the 
variety from Vesuvius. The bead is opaque. 

With the solution of cobalt it becomes blue on the fused 
edges. 

Fe OF + Fe H« 
Pyrosmalite^ . ,• ^---.^ , :.- .•••.„. , from the iron mines of 

4 (Fe' Si' + Mn' Si*^) 

Nordmark. 

Alone in the matrass it first yields water, and afterwards, at 
a higher temperature, a yellow substance, which dissolves into 

* This formula is exactly the result of Akftedson's analysis. 
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yellow drops with the portion of water last given off. These 
drops redden litmus paper, and have an astringent taste. 
They are chloride of iron. On charcoal it gives, when gently 
heated, a faint acid smell ; it fuses readily to a smooth, hrUliant, 
iron-grey head. 

It dissolves with horax with the usual tinge of iron. 

It is less readily taken up by the salt of phosphorus ; it re- 
mains for some time as a dark substance in the glass. It is * 
finally dissolved, and acquires the characteristic color of iron, 
leaving a minutely divided siliceous skeleton. With saltpetre 
the glass exhibits strong traces of manganese. 

It has the characteristic reaction of manganese when treated 
with soda on platina foil. On charcoal it gives a black glass, 
which when treated with more soda is absorbed by the char- 
coal. 

If a small fragment of pyrosmalite be placed in contact 
with a solution of the oxide of copper in salt of phosphorus, 
and both be heated at the same time, a light blue ring is 
formed around the bead, as is the case with hydrochloric acid ; 
this lasts, however, but an instant. 

Tu)o-thirds silicate of soda^ lime, protoxides of iron and 
manganese and zirconia with chloride of sodium, which ac- 
cording to Stromeyer's analysis may give the following for* 
mula: 



{ 



... ... 



Ca' Si + Zr Si 
Nfl Ol < • ... 

'^^'^'^Na^Si + FeSi 



or the following empirical formula : 

Na 01 + 3 ( ra + iVS + FS + ZrS)* Eudialyte. 

In the matrass it yields a small quantity of moisture. It 
fuses readily on charcoal to a greenish-grey glass. 

It is readily dissolved by borax, and gives a glass faintly 
tinged by iron, which cannot be rendered opaque by flaming. 

It is readily decomposed by salt of phosphorus ; the siliceous 
skeleton swells up so that the bead generally loses its spherical 
shape. This circumstance serves to distinguish it from the 
garnet, which it otherwise strongly resembles. 

It gives with soda a glass, which is very difficultly liquefi- 
able ; with more soda it is absorbed by the charcoal. On pla- 
tina foil it gives the reaction of manganese. 

* In this formula, the oxygen of the oxide of manganese is reckoned with 
that of the oxide of iron. 
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Phosphates with Chlorides. 
PhosphaU of lime with chloride of ealcinmy the latter oAen 

• • • • 

replaced by fluoride of calcium, Ca €1 -|- 3 Ca^ P, Apatite. 

a. MoroxitCy from Arendal and Pargas. 

Alone it remains unchanged, but in thin laminae, at a very 
high temperature, it can be fused on the edges to a colorless, 
translucent glass ; it is, however, one of the most diiSiculdy 
fusible minerals. 

It is slowly dissolved by borax to a transparent glass, which 
can be rendered milk-white by flaming, and which with a 
larger quantity of the assay becomes opaque on cooling. 

It is dissolved in large quantity by the salt of phosphorus to 
a transparent glass, which, when nearly saturated, becomes 
opaque on cooling, and acquires a crystalline appearance, less 
distinct, however, than that of phosphate of lead. If fully 
saturated it hardens to a milk-white bead, without crystalline 
facets. 

With soda it swells up with efiervescence, the soda is ab- 
sorbed by the charcoal, and leaves a white mass. 

It is very slowly dissolved by boracic acid, but gives with 
metallic iron a regulus of phosphuret of iron. 

b. Radiated phosphate of lime^ Phosphorite^ from Estre- 
madura ; it gives in the matrass a little water, and fuses, rather 
more readily than the preceding, to a white enamel. In gen- 
eral, its behavior is the same as that of the preceding. 

c. Phosphate of limey from mammoth^s teeth, (dug up near 
Eannstadt.) 

In the matrass it shrivels up and gives a large quantity of 
water. 

On charcoal it blackens on the edges, where the flame acts 
on it; it does not fuse, but becomes semi-transparent and 
rounded on the edges, where the heat is most iiitense. It be- 
haves in other respects like the preceding. 

Phosphate of the oxide of lead with chloride of lead^ Pb OI 

• • 
• •• 

+ 3 Pb' P, Pyromorphite^ (Griinbleierz.) 

Alone on charcoal it fuses in the exterior flame, the globule 
crystallizes, and becomes dark colored on cooling. Treated 
in the interior flame, it emits fumes of lead, the flame is tinged 
with blue, and the globule on cooling crystallizes with large 
facets of a pearly-white color and lustre. At the moment of 
crystallizing, the bead becomes slightly red hot. 
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With borax, salt of phosphorus and soda it behaves like the 
oxide of lead. 

With boracic acid and iron it gives phosphuret of iron and 
metallic lead, which can be separated from each other after 
the phosphuret of iron becomes hardened, and while the lead is 
still liquid. The lead does not give a button ^f silver when 
cupelled on bone ashes. 

Plumho-resinitey Pb^ P with Al ff, in variable proportions, 
(Bleigummi,) from Huelgoat. 

Alone in the matrass it flies in pieces violently, and gives a 
large quantity of water ; carefully heated on charcoal it be- 
comes milk-white, swells up like a zeolite, and softens if jBtrong^ 
ly heated, but cannot be entirely fused. 

It is readily dissolved by borax to a transparent glass. 

The same is true with salt of phosphorus. With a large 
proportion of the assay the bead becomes opaque on cooling. 

It is not dissolved by soda, but globules of lead make their 
Uppearance on all sides. 

With boracic acid and iron it gives a fused phosphuret of 
iron. 

With the solution of cobalt it gives a fine blue. 



Arseniates with a Chloride. 
Arseni€Ue of the oxide of lead vsith chloride of lead^ Pb 61 

• •• • 

-f- 3 Pb As, from Johann-Georgenstadt and Cornwall. 

Alone on charcoal it fuses slowly, and then becomes instant- 
ly reduced to a quantity of globules of metallic lead, emitting 
copious fumes and the odor of arsenic. With the fluxes it be- 
haves like the oxide of lead, with this difference, that the glass 
emits fumes of arsenic. 

If a crystal of arseniate of lead be held in the forceps, and 
the extreme end of it fused in the exterior flame, the fused 
portion crystallizes like phosphate of lead. The fused sub- 
stance, however, must not touch the platina, since in that case 
it flows out and destroys the metal. The fused mass flows out 
in the same way upon glass. 

Remark, Arseniate of lead, containing phosphate of lead, is 
not perfectly reduced, but leaves the phosphate as a fused, 
crystallized bead. Phosphate of lead contaminated with the 
arseniate gives metallic lead, and smells of arsenic when fused 
in the reducing flame. 
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Carbonate with a Chloride. 
Carbonate of the oxide of lead vrith chloride of lead, Pb ©I 

• • • 

-\- Pb C, from Matlock, behaves like basic chloride of lead. 

Fluorides.* 

Fluoride of calcium, Ca F, Fluor spar. 

Alone in the matrass it often phosphoresces when gently 
heated, emitting in the dark a greenish light. At a high 
temperature it decrepitates strongly, and gives a very litSe 
water. It can be fused on charcoal to an opaque bead. 

It is dissolved by borax and salt of phosphorus with the 
greatest facility to a transparent glass, which at a certain de- 
gree of saturation becomes opaque. 

With a certain portion of soda it dissolves and gives a trans- 
parent glass, 'which becomes opaque when it hardens, or if 
heated for a long time ; with a large quantity of soda it is con- 
verted into a difficultly fusible enamel, which remains on the 
charcoal, while the excess of the flux is absorbed. 

With gypsum, heavy spar or sulphate of strontian it fuses 
readily to a transparent bead, which becomes opaque on cool- 
ing. See gypsum. 

Fluoride of calcium with fluorides of yttrium and cerium, 
Ca F, Y P, Ce F, in variable proportions, Yttro-cerite. 

a. YttrO'Cerite, from Finbo. 

Alone in the matrass it yields water, which has a burnt 
smell. The dark colored variety loses its color and becomes 
white. On charcoal it does not fuse, but on the addition of 
gypsum it fuses to a bead, which does not become transparent 
at any temperature. 

With borax, ^salt of phosphorus, and soda it behaves like 
fluor spar ; the glass is, however, yellow in the oxidating flame 
as long as it remains hot ; it becomes opaque sooner than the 
glass given by fluor spar. 

b. Yttro-cerite, from Broddbo. 

It decrepitates slightly, does not fuse, and becomes first milk- 
white and then brick-red, but difierent portions of its surface 
are unequally colored. It does not fuse with gypsum, and it 
behaves in general like fluoride of cerium, of which it con- 
tains a large proportion intermixed. 

* For the method of detecting flnoric acid, see page 83. 
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Fluoride of cerium^ Ce F, mixed with €e F', from Finbo, 
Broddbo and Bastnas. 

a. Neutraly from the two first localities. 

Alone in the matrass it yields water, and if raised to the 
melting-point of glass, the glass becomes con'oded at a little 
distance from the assay. The water given off tinges Brazil- 
wood paper yellow. The assay changes fr6m a yellowish 
color to white in the operation. If heated in an open tube, 
into which the flame is directed, the interior of the tube is at- 
tacked, and is rendered opaque by the deposition of silica. 
The assay becomes dark yellow. 

On charcoal it does not fuse ; its color becomes, however, 
somewhat darker. 

With borax and salt of phosphorus it behaves like the oxide 
of cerium. It is not dissolved by soda, but it divides and 
swells up ; the soda is absorbed by the charcoal, and leaves a 
grey mass on the surface. 

b. Basic, from Finbo, 60 F* -f 3 Oe H. 

On charcoal its color is changed by the heat, and it appears 
almost black, at a low red heat ; on cooling, however, it be- 
comes dark brown, clear red, and finally dark yellow. These 
changes of color serve to distinguish it from the neutral varie- 
ty, in which no such changes take place. It does not fuse. 
With the fluxes it behaves, in general, like the preceding, ex- 
cept that it is not divided by soda, but remains whole, unless 
strongly heated for a long time. 

. . 

Fluate of cerium, €e F' -f- Ce -f- 4 H, from Bastnas. 

Alone in the matrass it gives a little moisture, without 
changing its appearance. On charcoal it does not fuse, but 
becomes (^que when gently heated. It acquires a dark color, 
and undergoes the same changes of color as the preceding. 

Heated in the open tube by directuig the flame into the tube, 
it gives a strong reaction of fluoric acid. 

It is dissolved by borax and salt of phosphorus like the pre- 
ceding. . 

It does not crumble in pieces with soda, neither does it in- 
tumesce or fuse. 

Remark. This seems to be a basic salt, perhaps wtth less 
excess of base than the preceding variety. 

Fluoride of cerium with fluoride of yttrium, Ce F, YP, 
Fluaie of yttria with fluate of cerium, from Finbo ; generally 
an earthy mechanical mixture of the two, which also contains 
silica, either in the form of a silicate, or merely intermixed. 

19 
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It behaves like the neutral fluate of cerium, with this difier- 
ence, that a large quantity of it must be added to the borax 
glass before it can be rendered^ opaque by flaming. The more 
siliciferous earthy varieties give with soda a coherent, slaggy 
mass, which is not changed by a further addition of soda. 

Fluoride of sodium with fluoride of aluminium, 3 Na F -f- 
Al F\ Cryolite^ from Greenland. 

Alone in the matrass it yields a little water and decrepitates, 
without losing its transparency. If heated in the open tube 
by directing the flame within the tube, it corrodes the glass 
strongly, and the moisture which collects in the tube reacts 
like fluoric acid. On charcoal it fuses to a transparent bead, 
which becomes opaque on cooling. If the heat be continued 
for some time, it spreads out on the surface, the fluate of soda 
is absorbed by the charcoal, and a crust of alumina remains. 

It is dissolved by borax, readily and in large quantity, to a 
transparent glass, which becomes milk-white on cooling. It 
behaves in the same way with the salt of phosphorus. The 
bead has sometimes a slight reddish tinge from a small quantity 
of copper in the mineral. 

With soda it fuses to a transparent glass, which spreads out 
on cooling, and becomes milk-white. 



Silicates with Fluorides. 

One'tMrd silicate of magnesia udth basic fluoride ofmagnC' 

sium, Mg F 4" 2 Mg' Si, ChondroditCy from Pbrgas, Aker and 
from America, Brucite, 

Alone in the matrass it burns black, but yields no water ; ^e 
black color is burnt off by heating it in the open air. Strongly 
heated in the open tube, it gives the reaction of fluoric acid. 

On charcoal it cannot be fused. The variety which contains 
iron becomes opaque and brownish, where the heat is strongest 
The varieties containing a smaller proportion of iron, for in- 

stance that from Aker, become milk-white. 

Borax dissolves it slowly, but perfectly, to a transparent glass, 
slightly tinged by iron. If the glass is saturated with the assay, 
it can be rendered cloudy by flaming'; it does not become milk- 
white, but semi-transparent and crystalline. 

It is tolerably readily dissolved by the salt of phosphorus, 
leavinglS'semi-transparent siliceous skeleton ; the glass is trans- 
parent and colorless, but becomes opalescent on cooling. 

With a certain proportion of soda it forms a very difficultly 
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fusible, grey slag. With more it swells up and becomes infu- 
sible. 

With the solution of cobalt it gives at a high temperature a 
faint red color, which, however, is not clear and beautiful. 
Chondrodite from Pargas gives a greyish-green color, because 
the presence of iron prevents the action of the oxide of cobalt 
on the magnesia. 

One-third silicate of alumina with basic fluoride ofalumini" 

urn, 2 Al F^ + 5 AlSi, Topaz, and 2 Al F« + aV sV, Pycnite* 

Alone in the matrass it remains unchanged, and does not give 
the least trace of fluoric acid, but if strongly heated in the open 
tube according to the method proposed by Smithson, it gives 
indications of the presence of this acid. On charcoal it is infu- 
sible. The yellow topaz becomes pale rose-red when gently 
ignited, while the hyd rated oxide of iron is converted into a 
simple oxide. This variety, as well as the transparent, color- 
less topaz, retains its transparency. If the heat be very intense, 
the lateral planes of the crystal become covered with numer- 
ous small bubbles, like hoar-frost; they cannot be distinctly 
seen without the aid of the microscope. The bubbles do not 
appear on the foliated cross-fracture, and they are not so easily 
made to appear on the opaque topaz from Finbo and Broddbo ; 
but if the heat be sufficiently strong, they can be obtained of 
considerable size, although they generally burst almost imme- 
diately after they first make their appearance. To succeed in 
this operation, a very intense heat is required, and only a very- 
thin splinter of the mineral must be used. 

It is slowly dissolved by borax to a transparent glass. The 
transparent topaz becomes white and opaque before it dissolves. 

It is slowly dissolved by salt of phosphorus, leaving a siliceous 
skeleton ; the transparent bead becomes opalescent on cooling. 

It id slpwly dissolved by soda and gives a blebby, colorless, 
semi-transparent slag. With more soda it swells up and be- 
comes infusible. 

With the solution of cobalt it gives a blue color, which, how- 
ever, is not clear and beautiful. Turner states that he obtained 
evidence of the presence of boracic acid in many varieties of 
topaz, by the aid of fluor spar and bisulphate of potash. 

Remark. To this class of combinations belong, in all proba- 
bility, amphibole,carpholite, and perhaps several others in which 
no fluor has as yet been discovered. Fluorides enter into 

* The fonnalae of the topaz and pycnite were calculated from new analjrses 
of these minerals, farnishea by Professor Forchharamcr. 
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combination with phosphates like chlorides, and probably 
Wavellite, amblygonite, and Wagnerite belong to this class. 



i.« **• 



Leucophane^ 2 Na F -f- Ca' Si'* -j-O'* Si*, from Lamanskar, 
Norway. 

Alone on charcoal it fuses readily, without foaming, to a 
transparent globule, of which the color inclines to violet. The 
glass is rendered opaque by flaming, and cannot be made trans- 
parent again without considerable difficulty. 

It is dissolved by borax with the utmost facility and in large 
quantity. The glass is transparent, and does not become opaque 
when flamed. 

It is readily dissolved by the salt of phosphorus. The glass 
becomes opalescent on cooling. With salt of phosphorus in the 
tube, it gives the usual evidence of the presence of fluor. 

With a small amount of soda it gives a transparent glass. 
With more, it spreads over the surface of the charcoal. 

With soda on platina foil it exhibits traces of manganese. 



SUPPLEMENT. 



Honey stone^ Mellite^ Mellate of alumina. 

Alone in the matrass it yields water, whitens, and becomes 
transparent. If ignited it becomes carbonized, without emit- 
ting any perceptible burnt odor, and without coloring the water 
given off, or acquiring an acid or alkaline reaction. On char- 
coal it becomes black, ignites, and bums white if the heat is 
sufficient, at the same time shrivelling up strongly. It behaves 
like pure alumina. 

Chiastolite^ Macle^ from Brittany. 

Alone it yields a little water, without changing its appear- 
ance. It bums white, but does not fuse. The pulverized 
mineral can be fused to a slag on the thinnest edges of the 
tnzsa. 

It is very slowly acted on by borax, even if pulverized. 

Salt of phosphorus seems to have little or no action on it, 
but the bead remains clear, colorless, and transparent. If, 
however, the finely pulverized mineral be added gradually, 
the first portions are dissolved without a residuum ; but it very 
soon ceases to be dissolved. 

It is decomposed by soda and swells up, but does not fuse or 
become converted into a slag. 

It becomes blue with the solution of cobalt, but the color is 
dark and dingy ; the color is finer in proportion to the purity 
of the specimen examined. 

Remark, The reaction of the chiastolite proves it to be a 
silicate of alumina, and in all probability a subsilicate. I 
must, however, add, that some varieties of chiastolite are prin- 
cipally composed of magnesia. These are easily distinguished 
by their softness from the variety of which the behavior is 
here described. 
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SYSTEMATIC ARRANGEMENT 

OF THE 

OXIDIZED MINERALS 

▲CCOEDUT& TO TBEIK BEHAVIOR BEFOBE THE BLOWPIPE. 



When the nature of a mineral is to he determined hy its 
behavior before the blowpipe, the external characters not being 
sufficiently distinct for that purpose, it is important, especially 
for young mineralogists, that some arrangement should be 
contrived, by which the number of species, with which the 
mineral under examination is to be compared, should be di- 
minished so as to be as small as possible. I have endeavored 
to form such a systematic arrangement, which, although de- 
ficient in many respects, will not be without use. I have con- 
sidered, especially, three properties of minerals; namely, 
fusibili^, intumescence, and behavior with soda. The prin- 
cipal divisions depend on the two former properties, the sub- 
divisions on the latter. 



1. Infiuihle Minerals. 



938 



Give with soda a bead. 



Give with a small quan- 
tity of soda a bead, Give a slag only with 
but form a slag with soda, 

more. 



Qaartz 

Agalmatolite 

Hisingerite 

Sideroschisolite 

Dioptase 

Fire clay 

Leucite 

Pyrophyllite 

Wolkonskoite 

Rutile 



Phenakite 

Picrosmine 

Oliyine 

Cerite 

Kyanite 

Talc 

Gadolinite 

Lithia tourmaline 



Oxides of iron 

Oxides of manganese 

Oxide of tin (is re- 
duced) 

Hydrate of alumina 

Hydrate of magnesia 

Spinel 

Gahnite 

Worthite 

Precious galmei 

Pitchblende 

Zircon 

Thorite 

Andalttsite 

Staurotide 

Gehlenite 

Chlorite spar 

Allophane 

Cymophane 

Polymignite 

Aeschynite 

Oerstedine 

Titanate of iron 

Yttro-tantalite 

Tantalite 

Chrome ochre 

Uwarowite 

Chromic iron 

Carbonates of earths 
and metals 

Basic phosphate of 
yttria 

Basic phosphate of 
alumina 

Basic phosphate of 
lime 

Sulphate of iron 

Sulphate of alumina 

Aluminite 

Alum stone 

Fluoride of cerium 

Yttro-cerite 

Topaz 



3M 



2. Minerab ii^ich can he fused to heads. 



Fuse with soda to a bead. 



GiTB with a small quan- 
tity of soda a bead, 
with more a slag. 



The zeolites 

Spodumene 

Soda-spodamene 

Labradorite 
Scapolite 

Sodalite (from Green- 
land) 

Elaeolite 

Mica from primitive 
limestone 

Black talc 

Acmite 

Crocidolite 

Lievrite 

Cronstedtite 

Garnet 

Cerine 

Helvine 

Gadolinite (from Ka- 
rarfvet) 

Boracic acid 

Tincal 

Boracite 

fiydroboracite 

Dathdlite 

Botryolite 

Aidtiite 

Lapis lazuli 

Eudialyte 

Pyrosmalite 

Cryolite 



Okenite 
Pectolite 

Red silicate of man- 
ganese 

Black silicate of man- 
ganese 

Idocrase 

Manganesian garnet 

Orthite 

Pjrrorthite 

Amblygonite 

Sordawalite 

Sodalite 

Fluor spar 



Give with soda a 
reguline metal. 

Tungstate of lead 
Molybdate of lead 

Vanadate of lead 
Chromate of lead 
Vauquelinite 
Cobalt bloom 
Nickel bloom 
Phosphate of copper 
Sulphate of lead 
Chloride of lead 
Chloride of silver 



Give a slag only with 

soMdIa. 



Brevicite 

Amphodelite 

Chlorite 

Fahlunite 

Pyrope 

Soapstone 

Red dichroite 

Pyrargillite 

Potash tourmaline 
(black) 

Wolfram 

Pharmacolite 

Scorodite 

Cube ore 

Tetraphyline 

Hetepozite 

Uranite 

Phosphate of iron 

Sulphate of strontian 

Sulphate of magnesia 

Polyhalite 

Haayne 



S. MineraU wkiek eon he fitted only on their edges. 
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Give with soda a liquid 
bead. 



Give with a email quan- 
tity of soda a liquid 
bead, but with more a 
slag. 



Give a slag ooly with 
soda. 



Soapstone 

Feldspar 

Albite 

Petalite 

Nepheline 

Anorthite 

Emerald 

Euclase 

Calaite 

Sodalite (from Vesu- 
yius) 



Table spar 

DiaUage 

Hypersthene 

Epidote 
Zoisite 



Stilpnosiderite 

Plumbo-resinite 

Serpentine 

Silicate of manganese, 
from Piedmont 

Mica, from granite 

Pimelite 

Pinite 

Bine dichroite 

Carpholite 

Sphene 

Pyrochlore 

Wolfram 

Soda tourmaline 
(green) 

Lazulite 

Heavy spar 

Gypsum 



2S6 



4. l^neraii wMeh iMtumetee. 



Fuse to a bead. 


Become slaggy on the 
edges. 


Infusible. 

4 


The zeolites 

OnkoBine 

Boracite 

Hydroboracite 

Datholite 


Epidote 

Zoisite 

Green tourmaline 

Lazulite 

Plnmbo-resinite 


Gradolinite, some ti 
rieties 

Lithia-tourmaline 

Aeschynite 

Pyrophyllite 


Botryolite 
Axinite 


Granite mica 
Hornblende 


Alum 

Sulphate of alumina 


Black silicate of man- 
ganese 

Lithiarspodumene 


Euclase 
Sphene 




Scapolite 
£laeolite 






Idoerase 






Cerine 






Orthite 







BEHAVIOR OP URINARY CALCULI BEFORE THE 

BLOWPIPE. 



It is highly important to medical men to be able to determine 
the nature of the urinary calculi of patients who apply to them 
for relief in such cases. Their composition is more readily 
ascertained than is generally supposed, since the blowpipe gives 
very simple and sufficiently accurate results, and the use of this 
instrument does not require a greater degree of chemical 
knowledge than every physician ought to possess. I will there- 
fore describe the following varieties of calculi. 



1. Uric Acid Calcttli. 

Alone on charcoal or on platina foil they become carbonized, 
fume, and emit an organic smell ; in the exterior flame they 
gradually diminish in size, and towards the end of the operation 
they burn with increased light. When the blast is discontinued, 
they still continue to glow, and at last leave a very slight trace 
of a white ash, which is strongly alkaline. 

Since other combustible substances may easily be mistaken 
for uric acid, the operation must be performed in the moist way, 
as follows : a small quantity of the calculus, say ^\> of a grain, 
must be placed on a small strip of glass or platina foil, moisten- 
ed with a few drops of nitric acid, and heated over the flame of 
the spirit-lamp. The uric acid dissolves with efiervescence, 
and the mass must then be carefully dried so as not to become 
burnt, and then heated for an instant, when the mass acquires 
a fine red color. If the quantity of uric acid in the assay is 
trifling, the latter oflen becomes black, without acquiring a tinge 
of red. The experiment must then be repeated, and when the 
solution in nitric acid is dry, it must be laid a^de and allowed 
to cool perfectly ; the glass must then be inverted over a little 
caustic ammonia, which is then to be heated ; as soon as the 
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vapor of the ammonia reaches the dried substance, it becomes 
beautifully red.* The same thing may be observed, though 
the color is less striking, if the dried substance be softened with 
diluted ammonia. 

It often happens that calculi contain a mixture of uric acid 
with earthy phosphates.* They then carbonize and consume, 
leaving a considerable residuum, which is not alkaline or solu- 
ble in water. Treated with nitric acid and afterwards with am- 
monia, they give the fine red color characteristic of uric acid. 
The remaining ash is either phosphate of lime, or phosphate of 
magnesia, or a mixture of both. 

2. Urate of Soda Calcitli. 

This substance, which rarely occurs in urinary calculi, is 
often contained in the hard excrescences which form around 
the joints of gouty patients. 

Alone on charcoal they blacken, emit a burnt organic odor, 
and leave a grey, strongly alkaline substance, which can be 
fused to a glass with silica. If the calculus contains earthy 
salts, as is usually the case, the glass becomes white, or greyish 
and opaque. 

3. Urate of Ammonia Calculi. 

They behave before the blowpipe like the uric acid calculi. 
Treated with a drop of caustic potash, they give, when slightly 
warmed, a strong smell of ammonia. Care must be taken not 
to confound this with the slight ammoniacal odor which almost 
all organic substances develope when treated with potash. 
These calculi often contain a quantity of urate of soda. 

4. Phosphate of Lime Calcitli. 

Alone on charcoal they blacken, emit the odor of burning 
organic matter, and finally bum white. They do not fuse. 
Their behavior resembles in general that of phosphate of lime. 

They are proved not to consist of silica, by swelling up with 
soda and not fusing to a glass, as well as by giving a regulus 
of phosphuret of iron, when dissolved in boracic acid and fused 
with iron. 

* This method ci testing by ammoBia was discoTered by Professor Jacob- 
sea of Copenhagen, who thus proved the existence of uric acid in the excretions 
of animals of the lowest classes. 



bebayior of ueinabt galcttli before the blowpipe. 229 

5. Ammoniacal Phosphate of Magnesia Calculi. 

Heated alone on platina foil they smell strongly of salts of 
hartshorn, blacken, swell up, and bum greyish-white if the 
heat be increased. They fuse readily to a greyish-white, en- 
amel-like bead. 

They give a transparent glass with borax and salt of phos- 
phorus, which with a large quantity of the assay becomes 
milk-white on cooling. 

With soda they fuse to a white, swollen slag, which becomes 
infusible on the addition of more soda. 

With boracic acid and iron they give readily a regulus of 
phosphuret of iron. 

With nitrate of cobalt they give a dark red glass. 

6. Calculi composed of the Phosphates of Lime and Mag- 

nesia. ( Calculi Jusibiles. ) 

These are recognized by the slight ammonical odor which 
they emit, which arises principally from the destruction of 
organic matter in -the calculus. They fuse far more readily 
than any others to an enamel-white bead, which does not be- 
come red with the oxide of cobalt, but brownish-black. 

7. Calculi COMPOSED of Oxalate of Lime. {Calculi mori' 

formes.) 

, Alone they smell of urine when first heated. The more 
strongly crystalline varieties become duller and lighter colored. 
After being slightly heated, the residuum effervesces with a 
few drops of nitric acid, and after being strongly heated on 
charcoal caustic lime remains ; this has an alkaline reaction on 
reddened litmus paper, and generally crumbles to powder when 
moistened. This is not the case, however, if the calculus con- 
tains at the same time phosphate of lime. 

8. Calculi containing Silica. 

They leave after ignition a greyish, infusible, and sometimes 
slaggy ash, which, when mixed with soda, slowly dissolves to a 
more or less transparent glass. 

9. Cystic Oxide Calculi. 

These behave before the blowpipe very much like calculi 
composed of uric acid ; they do not fuse, but take fire readily 
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and bum with a bluish-green flame, emitting a strongly acid 
smeir of a peculiar character, somewhat resembling that of 
cyanogen. They leave an ash which is not alkaline, and 
which fuses in a strong heat to a greyish-white mass. 

They are distinguished from uric acid calculi by the smell 
which they emit when burning, and by not giving a red color 
with nitric acid. 

Remark. I have not had an opportunity of examining the 
calculi composed of a peculiar substance, discovered by Mab- 
CET, which he calls xanthic oxide. 



INDEX TO PART II. 





FA OB 




PAGI 


Acmite, 


152 


Amphigene, 


139 


Actinolite, asbestiform, 


154 


Amphodelite, 


142 


.^^hynite, 


177 


Analcime, 


133 


Agalmatolite, 


128 


Anatase, 


176 


Alalite, 


156 


Andalusite, 129 


, 144 


Albite, 


138 


Anglesite, 


208 


Allochroite, 


164 


Anhydrite, 


205 


AUophane, 


171 


Anorthite, 


144 


Almandine, 


165 


Anthosiderite, 


126 


Alum, 


208 


Anthracite, 


98 


Alum stone, 


208 


Anthophyllite, 


167 


Alumina and aluminates, 


119 


Antimonious acid, 


183 


, and ammonia, sul- 




Antimony and antimoniurets, 


95 


phate of, 


209 




97 




— — , and glucina, sDi- 
cate of. 






95 
183 


171 












183 






basic silicate of. 


171 


, plumose. 


109 




1 


, sulphuret of. 


108 




iron, basic sili- 




Apatite, 


214 


cate of. 


170 


Aphrodite, 


123 


, and potash, sul- 




Aplome, 


163 


phate of. 


208 


Apophyllite, 132 


, 135 






Arragonite, 


193 


iron, basic sili- 




Arsenic and arseniurets. 


96 


cate of. 


170 


Arsenical glance. 


113 




119 
221 


Arsenic, columnar, 
, native. 


97 
96 


, mellate of. 




200 




112 








12Q 




196 
114 




A<6«7 

209 


Arsenio-sulphurets, 




Aluminite, 


209 


Arsenious acid, 


196 


Amalgam, native. 


92 


Arsenious acid and arse- 




Amblygonite, 


202 


niates. 


196 


Ammonia alum. 


209 


Arsenikglanz, 


113 


Ammonium, chloride of, 


211 


Arseniknickel, 


96 


Amphibole, 


153 


Arsenikspiesglanz, 


97 


, non-aluminifer- 




Arsenik, stangliches. 


97 


ous. 


153 


Asbestus, 


154 


, aluminiferous, 


155 


Atacamite, 


211 



232 



INDBZ. 



Axinite, 
Azurite, 



FAGS 

192 
196 



Bamlite, 129 

Barocalcite, 194 

Baryta, carbonate of, 193 

, and lime, carbonate 

of, 194 

, sulphate of, 204 

Baryt-harmotome, 134 

Baulite, 136 

Berthierite, 108 

Beryl, 171 

Bismuth, oxide of, 117 

— — , sulphuret of, 105 

, telluret of, 98 

Bitter spar, 194 

Blattererz, 94 

Bleiglanz, 103 

Bleigummi, 215 

Blende, 100 

Bodenmais-tantalite, 182 

Bog iron ore, 118 
Boracic acid and borates, 189 

Boracite, 189 

Bortlangerite, 109 

Botryolite, 190 

Bournonite, 110 

Brevicite, 136 

Brewsteiite, 134 

Broddbo garnet, 165 

Broddbo-tantalite, 182 

Brown spar, • 195 

Brucite, 218 

Buntkupfererz, 102 

Byssolite, 154 

Calamine, 195 

Calaite, 201 

Calcareous spar, 193 

Calcium, lionde of, 216 
Calculi, ammoniacal phos. of 



FAOI 



magnesia, 



229 



•, containing silica, 229 

•, cystic oxide, 229 

>, fusibiles, 229 

•, moriformes, 229 

', oxalate of lime, 229 

-, phosphate of lime, 228 
*, phosphate of lime > 

and magnesia, 229 



Calculi, uric acid, 227 

, urate of ammonia, 228 

, urate of soda, 228 

, xanthic oxide, 230 

Caporcianite, 133 
Carbon, 97 
Carbonic acid and carbo- 
nates, 193 
Camelian, 121 
Carpholite, 169 
Celestine, 204 
Cerine, 175 
Cerite, 126 
Cerium, fluoride of, 217 

, fluate of, 217 

, carbonate of the 

protoxide of, 195 

, silicate, 175 

Chabasie, 132 

Chalcedony,. 121 

Chalcolite, 202 

Charcoal, mineral, 97 
Chiastolite, 129, 221 

Chlorite, 149 

Chlorite spar, 170 

Chloritoid, 170 

Chloropheite, 127 

Chlorospinel, 120 

Chondrodite, 218 

Chrome ochre, 187 

, oxides of, 187 

Chromic acid and chromates, 187 

iron, 188 

Chrysoberyl, 172 

ChrysocoUa, 128 

Cinnabar, crystallized, 107 

, mealy, 108 

, hepatic, 108 

Cinnamon stone, 162 

Clay, varieties of, 130 

Cobalt, arsenical, 97 

, arseniate of, 197 

— , arsenio-sulphuret of, 114 
— — , arsenite of, . 197 

, earthy, 118 

, testaceous, 97 

, sulphuret of, 101 

, sulphate of, 207 

Cobalt bloom, 197 

Cobalt vitriol, 207 

Cologne earth, 130 
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Coquimbite, 
Copper, arseniate of, 
— — , carbonates of, 
, chloride of, 

, grey, 

, muriate of, 

— — , oxides of, 

, phosphate of, 

— , pyrites, 

, sulphuret of, 
, sulphate of, 
, variegated, 

— ^^ , vitreous, 

Copperas, 

Cordierite, 

Corundum, 

Cotunnite, 

Crichtonite, 

Crocidolite, 

Cronstedtite, 

Cryolite, 

Cube ore, 

Cymophane, 

Cyprine, 

Datholite, 

Diallage, 

Diaspore, 

Dichroite, 

-- — ; — , red, 

Diopside, 

Dioptase, 

Dipyre, 

Disthene, 

Dunkel-weissgftltigerx, 

Edingtonite, 
Eisenpecherz, 
Ekebergite, 
Elaeolite, 
Electric calamine, 
Emerald, 
Endellionite, 
Epidote, . 

, manganesian, 

Epistilbite, 

Epsom salt, 

Esmarkite, 

Essonite, 

Eucairite, 

Euclase, 



PAOS 

S06 
197 
196 
211 
110 
211 
116 
200 
102 
102 
207 
102 
102 
206 
168 
119 
211 
178 
152 
159 
218 
197 
172 
162 

190 
158 
119 
168 
168 
156 
127 
140 
129 
HI 

134 
207 
140 
141 
124 
171 
110 
160 
161 
134 
205 
151 
162 
99 
172 



PAOB 

Eudialyte, 213 

Fahlerz, 110 

Fahlun garnet, 165 

Fahlunite, 150 

Fahlunite, hard, 168 

Feldspar, 138 

Ferguson iie, 180 

Fibrolite, 129 

Finbo garnet, 165 

Finbo-tantalife, 181 

Fluorspar, 216 

Franklinite, 116 

Fuller's earth, 130 

Gadolinite, 173, 174 

Gahnite, ^ 121 

Galena, 103 

Galmei, 195 
Garnet, 163-166 

Gay-Lussite, 193 

Gehlenite, 167 

Gelbbleierz, 186 

Geocronite, 109 

Gibbsite, 120 

Gigantolite, 151 

Gismondine, 134 

Glanzkobalt, 114 

Glaserz, 107 

Glauberite, 203 

Glauber's salt, 203 

Glucina, silicate of, 128 

Gmelinite, 133 
Grammatite, 153, 155 

Graphite, 97 

Grauspiesglanzerz, 108 

Grunbleierz, 214 

Gypsum, anhydrous, 205 

Gypsum, hydrous, 205 

Haarkies, 102 

Haidingerite, 196 

Hallite, 209 

Hauyne, 210 

Havnefjordit, 143 

Heavy spar, 204 
Hedenbergite, - 157 

Helvine, 172 

Hetepozite, 202 

Heulandite, 134 

Hisingerite, 127 



234 
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Honey stone, 

Hornblende, 

Homerz, 

Horn quicksilver, 

Horn silver, 

Hornstone, 

Hyacinth, 

Hydroboracite, 

Hydrophite, 

Hypersthene, 

Idocrase, 



221 
155, r56 
211 
211 
211 
121 
131 
190 
124 
158 



161 

, magnesian, 162 

nmenite, 178 

Tndicolite, 192 

lolite, 168 

Iridosmine, 92 

Iron, arseniate of, 197 

, arsenio-sulphuret of, 114 

, bisulphuret of, 101 

, carbonate of, 195 

, hydrate of, 118 

, oxides of, 116 

, phosphates of, 199 

, pyrites, 101 

, sulphates of, 206 

, sulphate and arseniate 

of, 207 

Iron sand, 178 

Iron sinter, 207 

Iserine, 178 

Jamesonite, 109 

Jenite, 159 

Kieselmalachite, 128 

Kilbrickenite, 109 

Kimito-tantalite, 181 

Kobaltkies, 101 

Kohlenblende, 97 

Koupholite, 135 

Krahlite, 137 

Kupferglas, 102 

Kupferkies, 102 

Kupferlasur, 196 

Kupfermanganerz, 117 

Kupfemickel, 96 

Eyanite, 129 

Labradorite, 139 

Lapis lazuli, 209 



PAOX 

Lazulite, 201 

Laumonite, 134, 135 

Lead and cobalt, seleniuret of, 98 

and copper, seleniuret 

of, 



Lead and mercury, seleniuret 

of, 

, arseniate Of, with chlo- 
ride of lead, 

, carbonate of, 

, chloride of, 

, chromate of, 

, molybdate of, 

, oxides of, 

, phosphate of, with 

chloride, 

, seleniuret of, 

, sulphate of, 

, sulphate and carbonate 

of, 

, sulphuret of, , 

, telluret of, 

, tungstate of, 

, vanadate of, 

vitriol, 

Lebererz, 

Lepidocrocite, 

Lepidolite, 

Leucite, 

Leucophane, 

Licht-weissgultigcrz, 

Lievrite, 

Lignite, 

Lime, arseniate of, 

, phosphate of, 

, silicates of, 

, sulphate of, 

, tungstate of. 



98 

99 

215 
195 
211 
188 
186 
117 

214 

98 
208 



Lime-harmotome , 

Lime-oligoclase, 

Loboite, 

Made, 

Magnesia, aluminate of, 

, borate of, 

, carbonate of, 

, hydrate of, 

, silicates of, 

, sulphate of, 

Magnesia marble, 
Magnesite, 



208 
103 

94 
185 
185 
208 
108 
118 
147 
139 
220 
110 
159 

97 
196 
214 
121, 122 
205 
184 
134 
143 
162 

221 
120 
189 
194 
117 
122 
205 
194 
194 
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PAOB 

Magnetic iron pyrites, iOl 

Magnetic oxide of iron, 1 16 

Magnetkies, 101 

Malachite, 196 
Malacolite, 156, 157 

Manganese, carbonate of, 194 

, cupreous, 117 

, hydrate of, 117 

, oxides of, ]15 

, silicates of, 125 

Manganglanz, 99 
Mangankiesel, schwarzer, 125 
Meerschaum, 122 
Meionite, 139 
Melanite, 163 
Mellite, 221 
Menaccanite, ' 178 
Mercury, chloride of, 211 
, sulphuret of, 107 
Mesole, 133 
Mesolite, 133 
Mesotype, 133 
Metals, native electro-posi- 
tive, 91 
Mica, 144-146 
Mispickel, 114 
Molybdena, sulphuret of, 1 12 
Molybdic acid and molyb- 

dates, 186 

Monradite, 123 

Moroxite, 214 

Myargyrite, 111 

Nadelerz, 106 

Needle ore, 106 

Nepheline, 14 1 

Nickel j antimonial, 96 

, arseniate of, 197 

, arsenical, 96 

, arsenio-sulphuret of, 115 

, sulphuret of, 102 

■ , sulphuret and antimo- 

niuret of, 102 

Nickel glanz, 115 

Nickel ochre, 197 

Nickelspiesglanzerz, 102 

Nigrine, 178 

Nosian, 210 



Orpiment, 112 

Orthite, 175 

Oxides of electro-negative sub- 
stances, 117 
Okepite, 122 
Olivine, 124 
Oxides of electro-positive met- 
als, 1 15 
Oxysulphuret of antimony, 183 



Ochre, 
Oerstedine, 



118 

178 



Palladium, native, 


91 


Paranthine, 


139 


Pargasite, 


156 


Pectolite, 


135 


Petalite, 


137 


Pharmacolite, 


196 


Phenakite, 


128 



Phosphates with chlorides, 214 
Phosphoric acid and phos- 
phates, 198 
Phosphorite, 214 
Picrophyll, 123 
Picrosmine, 123 
Pimelite, 148 
Pinite, 149 
Pistacite, 160 
Pitchblende, 127 
Plagionite, 109 
Pleonaste, 120 
Plumbo-resinite , 215 
Polybasite, 111 
Polyhalite, 206 
Polymignite, 177 
Praseolite, 151 
Prehnite, 134, 135 
Pycnite, 219 
Pyrallolite, 123 
Pyrargillite, 143 
Pyrochlore, 180 
Pyromorphite , 214 
Pyrope, 166 
Pyrophyllite, 169 
Pyrorthite, 175 
Pyrosmalite, 212 
Pyroxene, 156 - 158 



Quartz, 

Realgar, 

Rhatizite, 

Romanzovite, 



121 

112 
129 
164 



236 



INDEX. 



PAOB 

Rosite, 142 

Rothbleieiz, 188 

Bothbraunsteinerz, 125 

Rothgulden, 1 1 1 
Rothoffite, . 164 

Rnbellite, 192 

Rabinspath, 125 

Ruby, 119 

RatiJe, 176 

Salite. 156 

Sal ammoniac, 211 

Salts, arseniates, 196 

, borates, 189 

— , carbonates, 193 

— , chromates, 187 

, molybdates, 186 

, phosphates, 198 

, sulphates, 203 

, tantalates, 179 

, titanates, 176 

, tungstates, 183 

Sapphire, 119 

Saphird'eau, 168 

Saponite, 167 

Scapolite, 139 

Scherbenkobalt, 97 

Schorl, 191 

Schrifleiz, 95 
Schwarzerz, . 110 

Schwerstein, 184 

^colezite, 134 

anhydrous, 144 

Scorodite, 196 
Serpentine, 123, 124 

Silberkupferglanz, 107 

Silberspiesglanz, 95 

Silica and silicates , 121 

Silver, antimonial, 95 

, arsenio'Sulphurous sul- 

phuretof, 113 

, chloride of, 211 

, sulphuret of, 107 

, telluret of, 94 

and copper, sulphuret of, 94 
Soapstone, 122, 167 

Soda, 193 

, biborate of, 189 

, carbonate of, 193 

, sulphate of, 203 

Soda-spod umene , 139 



PAOB 

Sodalite, 141,212 

Sodium, chloride of, 210 

Sordawalite, 203 

Spathic iron, 195 

Speiskobalt, 97 

Sphene, 176 

Spiesglanzsilber, 95 

Spinel, 120 

Spodumene, 137 

Sprodglaserz, 113 

Staurotide, 170 

Steinheilite, 168 

Stilbite, 134 

Stilpnosiderite, 118 

Strontian, carbonate of, 193 

, sulphate of, 204 

Strontianite, 193 

Sulphur and sulphurets, 99 

Sulphur, native, 99 
Sulphuric acid and sulphates, 203 

Table spar, 122 

Talc, 147, 148 
Tantalic acid and tantalates, 179 

Tantalite, 182, 183 

Telesie, 119 

Tellurium and tellnrets, 02 - 95 

Tellurium, foliated, 94 

' — , graphic, 95 

, native, 92 

, white, 95 

Tetraphyline, 202 

Thomsonite, 133 

Thorina, silicate of, 132 

Thorite, "l32 

Thulite, ' 161 

Thumerstein, 192 

Tin, oxide of, 117 

Tin pyrites, 107 

Tinstone, 117 

Tincal, 189 
Titanic acid and its salts, 176 

Titanite, 176 

Titanium, acicular, 176 

Topaz, 219 

Tourmaline, 191 

Tourmaline apjrre, 192 

Tremolite, asbestiform, 154 

Triphane, 137 

Trona, 193 
Tungstic acid and tungstates, 183 
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Tungstic acid, 


rxau 

183 


Wolfram, 


rAOB 

184 


Turquoise, 


SOI 


Wolkonskoite, 


187 






Wurfelerz, 


J97 


Uranite, 


202 


Xenolite, 


129 


Uranium ochre, 


118 








118 


Yttria, phosphate of, 


108 




J oo 




209 




173 






A / V 


Uwarowite, 


166 


Vttro-cerite, 


216 






Yttro-tantalite, 


179 


Vauquelinite, 


188 






Vesiivian, 


161 


Zeolites, 


132 


Vitriol, blue, 


207 


Zinc, aluminate of. 


121 




206 


— and copper, carbonate 


k 


, green. 


I 


, red, 


206 


of. 


195 


, white. 


206 


, carbonate of. 


195 


Vitriol ochre, 


206 


, silicate of, 


124 






, sulphate of, 


206 


Wad, 


117 


, sulphuret of. 


100 


Wasserbleisilber, 


93 


Zinc bloom. 


195 


Wavellite, 


200 


Zinkbluthe, 


195 


Weissbleierz, 


195 


Zinkenite, 


108 


Weissite, 


150 


Zinkkieselerz, 


124 


Wernerite, 


139, 140 


Zinnkies, 


107 


White antimony. 


183 


Zircon, 


131 


lead. 


195 


Zirconia, silicate of. 


131 


Witherite, 


193 


Zoisite, 


160 


Worthite, 


129 
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ALGER'S EDITION 

OK 

PHILLIPS^S POPULAR TREATISE 

ON 

MINERALOGY, 

FIFTH EOmON, FROM THE FOURTH LONDON ISMTION. 



NOTICE BY THE PUBLISHERS. 

" Phillips's Mlneralos^ has proved the most popular Treatise on the Science 
ever piU>lished in Great Britain. Prof. Brande, of the Royal Institution, 
London, thus speaks of it. * One of the most useful practical works on 
Mineralogy, and, in our langua^ at least, the most available for the use of 
the student, is Mr. Allan's edition of the Elementary Treatise by the late 
Wm. Phillips.' Ita circulation in this country has also been very extensive. 
The present edition comprises three hundred more pafes, and one hundred 
more figures of crystals, and about one hundred oTut J[fty more species and 
important varieties, than are contained in Allan's edition ; besides all the im> 
portant American localities. Notwithstanding these additions, the price of 
the book is copsiderably lesa than Allan's or any other recent treatise on the 
subject." 

FYom Henry Heukmd, Eeq,, of London; long distingvished for his devo- 
tion to Mineralogy, 

" I hope and doubt not that Mr. Alger's labors are amply rewarded by the 
positive merits of his work, and the j[udicious introductions and additions h^ 
nas made to it, and that another edition will soon aeain be required ; being 
convinced that ne has given us the best and most useful treatise on the science 
in the English language.". 

Prom Prqfessor Henry D, Rogers j of the University of Pennsylvania, 

" American and British students of Mineralogy, particularly such as culti- 
vate this pleasing science in connexion with geology, must be truly grateful 
to Mr. Alger for the valuable and extensive improvements he has introduced 
into what has long been with many of them a favorite treatise. He has sup- 
plied a book uniting to neatness and simplicity of classification, aud clearness 
of description, the recent additions to the science, both as respects new min- 
erals and American localities, and new and enlarged views upon fundamental 
points. I was always an admirer of the book of Phillips, especially as Allan 
improved it, and now, since Mr. Alger's enlargements, it has become more 
than ever acceptable and valuable to me." 

FVom Bryonies New York Post, 

"Tbe importance which the Science of Mineralogv exercises in almost 
every branch of the mechanical arts, independent of toe abstract knowledge 
it gives of an interesting part of Natural History, has made it of late the 
favorite study of all classes of society. The geologist considers mioeralogj 
as the mother of his future pursuits ; the chemist considers her as his princi- 
pal auxiliary ; and the mecnanic, and the manufacturer of colors, ^lass, por- 
celain, paints, pottery, cements, iron, and all metallic preparations, require 




„. , irnph ^ ^ 

edge, and the practical man will find etcry mineral' so minutely described, and 
every locality so distinctly indicated, thlit it will serve as his guide in the pur- 
suit of any pardcnlar Substance that he maty require m his business." 



JPVom the Journal of the Prcmklin InttUviet AprU, 1845. 

" To adapt Phillips's Treatise to the Use of the American reader, it was 
necessary to add largely to the localities cited, as also to introduce the numer- 
ous new species, with tneir analyses and forms of crystals. As the additions 
which have been made by Mr. Alger, make up half of the number of pages 
of the entire work, it might with propriety have been published as an onginal 
work, based on Allan's late edition. A perfect system of classifying minerals 
has never yet, it is admitted by all, been attained ; but the editor has followed 
that order of arrangement, which common consent among scientific men has 
acknowledged to be the best, and has given us the classmcation of minerals, 
based on their chemical constituents. It is the practical character of a book 
like this which ffives it its value ; so that not the mere tyro, but the man of 
business who reters to it, may meet with the most ready information as to the 
nature and uses of the different minerals. His eye meets the intelligible 
terms, * Earthy Minerals,' * Metalliferous Minerals,' etc., and he understands 
at once the general nature of the species beneath. In the ' Table of Mineral 
Species,' he finds their atomic composition, their hardness, and specific gravity 
ezpi^ssed in the simplest forms. Our conclusion as to the value of the work, 
is substantiated by its immediate reception as a text book in colleges and 
schools, particularnr in Harvard University, and also by the high encomiums 
passed upon it by aisinterested judges." 

From the American Journal of Sdencej OdobeTf 1844. 

** In no part of Mr. Alger's Work, do his labors appear to better advantage 
than in the numerous and interesting items of information which he has 
brought into his descriptions, evincing a minute acquaintance with minerals 
both m the closet and the field. The extensive enlargement of this part of the 
Work, must have required great labor, and in general evinces discrimination 
and judgment; The descriptions of species are given with fullness, and valu- 
able remarks are added respecting the uses of such as are employed in the 
arts. The long lists of American localities, render it a convenient work for 
the field ; and the completeness of the information given, relative to the 
chemical, physical, and economical characters of minerals, makes it as well 
a valuable text book for the lecture room." 

From the Boston Daily Axhertiaer. 

" Mr. Alger might have omitted the name of Mr. Phillips from his title, 
with little injustice, for his work is almost a new one. By his important cor- 
rections, and verv valuable and extensive additions, he has brought this trea- 
tise quite up to the present state of the science. For an American student it 
has the additional value of being particularly full and precise in relation to 
our own minerals. It is indeed honorable lo our country to have produced a 
work which has already been called, by European critics of the highest stand- 
ing, the best work on the subject in the Enghsh language. 

" The sections on the use of the Blowpipe, the action of acids, and the pro- 
cess of cupellation, althous^h very brief, contain all that a beginner in this 
fascinating study needs to know ; and are excellent introductions to the^ larger 
works reterred to. On the subject of crystallography, this book is quite un- 
equalled. It contains all of any worth to be found in earlier works, with all 
the latest theories so &r as they have been sufficiently matured to have a 
scientific value ; and the materials are arranged and presented with a clear- 
ness and precision which show that the author is no mere copyist or compiler, 
but a thorough master of his subject. While this work will be useful and 
necessary to the most skilful mineralogist, it is written with so much sim- 
plicitjT, and the descriptions of the minerals and their localities, and the uses 
to which they have been applied, are so full of interest, that it will be found 
at once the most useful ana the most agreeable assistant ever offered to the 
student in mineralogy." 
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